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PREFACE 

TO 

THE   FOURTH   EDITION 


In  consequence  of  the  rapid  sale  of  the  third  edition  of  the  "  Manual,'' 
of  which  2000  copies  were  printed  in  January  last,  a  new  edition  has 
been  called  for  in  less  than  a  twelvemonth.  Even  in  this  short  interval 
some  new  fects  of  unusual  importance  in  paleontology  have  come  to  light, 
or  have  been  verified  for  the  first  time.  Instead  of  introducing  these  new 
discoveries  into  the  body  of  the  work,  which  would  render  them  inacces- 
5J  sible  to  the  purchasers  of  the  former  edition,  I  have  given  them  in  a  post- 
^"  script  to  this  Preface  (printed  and  sold  separately),  and  have  pointed  out 
^  at  tbe  same  time  their  bearing  on  certain  questions  of  the  highest  theo- 
retical interest* 

As  on  former  occasions,  I  shall  take  this  opportunity  of  stating  that 
the  "  Manual"  is  not  an  epitome  of  the  "  Principles  of  Geology,"  nor  in- 
tended as  introductory  to  that  work.  So  much  confusion  has  arisen  on 
this  subject,  that  it  is  desirable  to  explain  fully  the  diflferent  ground  occu- 
pied by  the  two  pubUcations.  The  first  five  editions  of  the  "  Principles" 
comprised  a  4th  book,  in  which  some  account  was  given  of  systematic 
logy,  and  in  which  the  principal  rocks  composing  the  earth's  crust 
and  their  organic  remains  were  described.  In  subsequent  editions  this 
book  was  omitted,  it  having  been  expanded,  in  1838,  into  a  separate 
treatise  called  the  "Elements  of  Geology,"  first  re-edited  in  1842,  and 
again  recast  and  enlarged  in  1851,  and  entitled  "  A  Manual  of  Elementary 
Geology." 

Although  the  subjects  of  both  treatises  relate  to  geology,  as  their 
titles  imply,  their  scope  is  very  different ;  the  "  Principles"  containing  a 
view  of  the  modem  changes  of  the  earth  and  its  inhabitants,  while  the 
"  Manual"  relates  to  the  monuments  of  ancient  changes.  In  separating 
the  one  from  the  other,  I  have  endeavored  to  render  each  complete 
^  in  itself  and  independent ;  but  if  asked  by  a  student  which  he  should 
"  read  first,  I  would  recommend  him  to  begin  with  the  "  Principles,"  as 
he  may  then  proceed  from  the  known  to  the  unknown,  and  be  provided 
beforehand  with  a  key  for  interpreting  the  ancient  phenomena,  whethei 
of  the  organic  or  inorganic  world,  by  reference  to  changes  now  in 
pi  ogress. 

*  Postscript  to  4th  edition  of  the  Manual,  price  6<i 


yi  PREFACE. 

Owing  to  the  former  incorporation  of  the  two  subjecta  in  one  work, 
and  the  supposed  identity  of  their  subject-matter,  it  may  be  useful  to 
give  here  a  brief  abstract  of  the  contents  of  the  "  Principles,"  for  the 
sake  of  comparison. 

Abstract  of  the  "•  Principles  of  Geology^'*  Eighth  Edition, 

Book  L 

1.  Historical  sketch  of  the  early  progress  of  geology,  chaps.  L  to  ir. 

2.  Circumstances  which  combinea  to  make  the  first  cultiyators  of  the  science  regard 

the  former  com-se  of  nature  as  different  from  the  present,  and  the  former 
changes  of  the  earth's  surface  as  the  effects  of  agents  different  in  kind  and 
degree  from  those  now  acting,  chap.  v. 
8.  Whether  the  former  variations  in  chmate  established  by  geology  are  explicable 
by  reference  to  existing  causes,  chaps.  vL  to  viii. 

4.  Theory  of  the  progressive  development  of  organic  life  in  former  ages,  and  the 

introduction  of  man  into  the  earth,  chap  ix. 

5.  Supposed  fonner  intensity  of  aqueous  and  igneous  causes  considered,  chaps,  x 

and  XL 

6.  How  far  the  older  rocks  differ  in  texture  from  those  now  forming,  chap.  xiL 

7.  Supposed  alternate  periods  of  repose  and  disorder,  chap,  xiil 

Book  IL 
ohakoxs  now  in  pboorkss  in  the  inorganic  world. 

8.  Aqueous  causes  now  in  actiou :  Floods — Rivers — Carrying  power  of  ice — Springs 

and  their  deposits — Deltas — Waste  of  cliffs  and  strata  produced  by  marine 
currents :  chaps,  xiv.  to  xxil 

9.  Permanent  effects  of  igneous  causes  now  in  operation :   Active  volcanoes  and 

earthquakes — their  effects  and  causes :  chaps.  xxiiL  to  xxxiii 

Book  IIL 
0han0k8  of  the  organic  world  now  in  progress. 

10.  Doctrine  of  the  transmutation  of  species  controverted,  chaps,  xxxiv.  and  xxxv. 

11.  Whether  species  have  a  real  existence  in  nature,  chaps.  xxxvL  and  xxxviL 

12.  Laws  which  regulate  the  geographical  distribution  of  species,  chaps,  xxxviii. 

toxL 
18.  Creation  and  extinction  of  species,  chaps,  xll  to  xliv. 

14.  Imbedding  of  organic  bodies,  including  the  remains  of  man  and  his  works,  in 

strata  now  forming,  chaps,  xlv.  to  L 

15.  Formation  of  coral  reefs,  chap.  IL  • 

It  will  be  seen  on  comparing  this  analysis  of  the  contents  of  the 
**  Principles"  ^lUi  the  headings  of  the  chapters  of  the  present  work 
(see  p.  xxiii),  that  the  two  treatises  have  but  little  in  common ;  or,  to 
repeat  what  I  have  said  in  the  Preface  to  the  8  th  edition  of  the 
**  Principles,"  they  have  the  same  kind  of  connection  which  Chemistry 
bears  to  Natm^  Philosophy,  each  being  subsidiary  to  the  other,  and  yet 
admitting  of  being  considered  as  different  departments  of  science.* 

Charles  Lyell. 
11  Jlarley-Mtreet,  London,  December  10,  1851. 

*  As  it  is  impossible  to  enable  the  reader  to  recognize  rocks  and  minerals  at  sight 
hj  aid  of  verbid  descriptions  or  figures^  be  will  do  well  to  obtain  a  well-arranged 
•collection  of  spedmeoas. 


POSTSCRIPT 


Tracks  of  a  Lower  Silurian  reptile  in  Canada — Chelonian  footprints  in  Old  Red 
Sandstone,  Morayshire — Skeleton  of  a  reptile  in  the  same  formation  in  Scotland 
— Eggs  of  Batrachians  (?)  in  a  lower  division  of  the  "  Old  Red,'*  or  Devonian — 
Footprints  of  Lower  Carboniferous  reptiles  in  the  United  States — Fossil  rain- 
marks  of  the  Carboniferous  period  in  Nova  Scotia — Triassie  Mammifer  from 
the  Keuper  of  Stuttgart — Cretaceous  Gasteropoda — Dicotyledonous  leaves  in 
Lower  Cretaceous  strata — Bearing  of  the  recent  discoveries  above-mentioned 
vn  the  theory  of  the  progressive  development  of  animal  life. 

Tracks  of  a  Lower  Silurian  reptile  in  Canada. — In  the  year  1847, 
Mr.  Robert  Abraham  announced  in  tlie  Montreal  Gazette,  of  which  he 
was  editor,  that  the  track  of  a  fresh-water  tortoise  had  l)een  observed  on 
the  surface  of  a  stratum  of  sandstone  in  a  quarry  opened  on  the  hanks 
of  the  St.  Lawrence  at  Beauhamais  in  Upper  Canada.  The  inhabitants 
of  the  parish  being  perfectly  familiar  with  tlie  track  of  the  amphibious 
mud-turtles  or  terrapins  of  tlieir  countrj^,  assured  Mr.  Abraham  that  the 
fossil  impressions  closely  resembled  those  left  by  the  recent  species  on 
sand  or  mud.  Having  satisfied  himself  of  the  truth  of  their  report,  he 
was  struck  with  the  novelty  and  geological  interest  of  the  phenomenon. 
Imagining  the  rock  to  be  the  lowest  member  of  the  old  red  sandstone, 
he  was  aware  that  no  traces  had  as  yet  been  found  of  a  reptile  in  strata 
of  such  high  antiquity. 

He  was  soon  informed  by  Mr.  Logan,  at  that  time  engaged  in  the 
geological  survey  of  Canada,  that  the  white  sandstone  above  Montreal 
was  really  much  older  than  tlie  "  Old  Red,"  or  Devonian.  It  had  in 
fact  been  ascertained  many  years  before,  by  the  State  surveyors  of  New 
York  (who  called  it  the  "  Potsdam  sandstone"),  to  lie  at  the  base  of  the 
whole  Silurian  series.  As  such  it  had  been  pointed  out  to  me  in  1841, 
in  the  valley  of  the  Mohawk,  by  Mr.  James  Hall,*  and  its  position  was 
correctly  described  by  Mr.  Emmons,  on  the  borders  of  Lake  Champlain, 
where  I  examined  it  in  1842.  It  has  there  the  character  of  a  shallow- 
water  deposit,  ripple-marked  throughout  a  considerable  thickness,  and 
full  of  a  species  of  Lingula.  The  flat  valves  of  this  shell,  of  a  dark 
color,  are  so  numerous,  and  so  arranged  in  horizontal  layers,  as  to  play 
the  part  of  mica,  causing  the  rock  to  divide  into  laminae,  as  in  some 
micaceous  sandstones. 

When  I  mentioned  this  rock  in  my  Travelsf  as  occurring  between 
Kingston  and  Montreal  (the  same  in  which  the  Chelonian  footprints 
have  since  been  found),  I  spoke  of  it  as  the  lowest  member  of  the 
Lower  Silurian  series ;  but  no  traces  of  any  organic  being  of  a  higher 
grade  than  the  Lingula  had  then  been  seen  in  it,  and  I  called  attention* 

•  Travels  in  North  America  by  the  Author,  voL  il  chap.  22.       f  ^bid.  1842. 


Vm  LOWER  SILURIAN  REPTILE. 

to  the  singular  ^Eict,  that  the  oldest  fossil  form  then  known  in  the  world, 
was  a  marine  shell  strictly  referable  to  a  genus  now  einstihg. 

Early  in  the  year  1851,  Mr.  Logan  laid  before  the  Geological  Society 
of  London  a  slab  of  this  sandstone  from  Beauhamais,  containing  no  less 
than  twenty-eight  footprints  of  the  fore  and  hind  feet  of  a  quadruped, 
and  six  casts  in  plaster  of  Paris,  exhibiting  a  continuation  of  the  same 
trail.  Each  cast  contained  from  twenty-six  to  twenty-eight  impressions 
with  a  median  channel  equidistant  from  the  two  parallel  rows  of  foot- 
prints, the  one  made  by  the  feet  of  the  right  side,  the  other  by  those  of 
the  left  Li  these  specimens  a  greater  number  of  successive  foot-marks 
belonging  to  one  and  the  same  series  were  displayed  than  had  ever  be- 
fore been  observed  in  any  rock  ancient  or  modern.  Mr.  Abraham  has 
inferred  that  the  breadth  of  the  quadruped  was  from  five  to  seven  inches. 
A  detailed  account  of  the  trail  was  published  by  Professor  Owen,  in 
April,  1651,  from  which  the  following  extracts  are  made. 

"The  footprints  are  in  pairs,  and  the  pairs  extend  in  two  parallel 
series,  with  a  channel  exactly  midway  between  the  right  and  left  series. 
The  pairs  of  the  same  side  succeed  each  other  at  intervals,  varying  from 
one  inch  and  a  half  to  two  inches  and  a  half,  the  common  distance  being 
about  two  inches.     The  interval  between  the  right  and  left  pairs,  meas- 
ured from  the  inner  border  of  the  small  prints,  is  three  inches  and  a  half, 
and  from  the  outer  border  of  the  exterior  or  large  prints,  is  seven  inches. 
The  shallow  median  track  is  one  inch  and  a  quarter  in  breadth,  varying 
in  depth,  but  not  in  its  relative  position  to  the  right  and  left  footprints." 
**  The  inference  to  be  deduced  from  these  characters  is,  that  the  im- 
pressions were  made  by  a  quadruped  with  the  hind  feet  larger  and  some- 
what wider  apart  than  the  fore  feet,  with  both  hind  and  fore  feet  either 
very  short,  or  prevented  by  some  other  part  of  the  animal's  structure 
irom  making  long  steps;  and  with  the  limbs  of  the  right  side  wide  apart 
irom  those  of  the  left ;  consequently,  that  the  quadruped  had  a  broad 
'trunk  in  proportion  to  its  length,  supported  on  limbs  either  short,  or  ca- 
jpableonly  of  short  steps,  and  with  rounded  and  stumpy  feet,  not  provided 
with  long  claws.    There  are  faint  traces  of  a  fine  reticulate  pattern  of  the 
t  cuticle  of  the  sole  at  tlie  bottom  of  some  of  the  footprints  on  one  portion 
•  of  the  sandstone;   and  the  surface  of  the  sand  is  generally  smoother 
'.there  than  where  not  impressed,  which,  with  the  rising  of  the  sand  at  the 
i border  of  the  prints,  indicates  the  weight  of  the  impressing  body.     The 
•.medium  groove  may  be  interpreted  as  due  either  to  the  abdomen  or  the 
stall  of  the  animal ;  but  as  there  is  no  indication  of  any  bending  or  move- 
iment  of  a  tail  from  side  to  side,  it  was  probably  scooped  out  of  the  soft 
Band  by  a  hard  breast-plate  or  plastron.    If  this  were  so,  it  may  be  inferred 
•that  the  species  was  a  fresh-water  or  estuary  tortoise  ratlier  than  a  land 
tortoise."* 

Previously  to  this  discovery,  the  trias  was  the  oldest  stratum  in 
which  any  remains  or  «igns  of  a  Chelonian  had  been  detected.  Numer- 
ous other  trails  have  since  been  observed  (1850-51)  in  various  localities 

■■*  Qnart  ?•«&  GeoL  Soc  1851,  vol  vil  p.  250. 


BEFTILE3  IN  OLD  BED  SAND^TONB.  IX 

in  Cuuula,  all  in  tbo  ume  veiy  andeDt  foseiliferous  rock;  and  Mr.  Lo- 
gan, who  has  visited  the  spots,  will  shortly  publish  a  desci  ption  of  the 
phenomena. 

CheUmian  foolprintt  in  Old  Heit  Sandtlone,  Morayshire. — Capt^n 
Lambart  Brickenden  has  just  communicated  to  the  Geological  Society  of 
London  a  drawing  and  descnption  of  a  continuous  seriM  of  no  less  than 
thirty-four  footprints  of  a  quadruped  observed  in  the  course  of  last  yew 
(1850),  on  a  slab  of  sandstone  quitrried  at  Cummingstone,  near  El^n, 
in  Morayshire,  a  rock  which  liaa  always  been  considered  as  an  upper 
member  of  the  Devonian  or  "  Old  Red."*  A  part  of  the  track,  the 
coutKA  of  which  was  from  a  to  b,  is  represented  in  the  annexed  woodcut, 


fig.  521.  The  footprints  are  in  pairs,  forming  two  parallel  row,",  which 
are  somewhat  less  distant  from  e^cii  oilier  than  those  of  the  Ijower  Si- 
lurian tortoise  of  Canada  above-mentioned.  The  stride,  on  the  otlier 
hand,  is  four  inches,  or  twiee  tliat  of  the  Beauharnjiis  Cheloniiin.  TTie 
hind  foot  is  exactly  of  the  same  sizr,  being  one  inch  in  diameter,  and 
larger  than  the  fore  foot  in  tlie  pro]ii>rtion  of  four  to  three. 

SJteleton  of  a  reptile,  allied  lo  the  lialraeklaHS,  in  the  Ol'l  lied  Sand- 
tlone of  Aforaygkire. — Mr.  Piitrick  Diitf,  author  of  a  "  Skottli  of  the 
Geology  of  Morayshire'  (Elgin,  184  )  o  ncd  rec  n  y(<"  l«  IS'il), 
from  the  rock  above  allu  led  to  tl  hnt  example  e  r  s  en  of  i  kele- 
lonof  a  reptile  in  the  Oil  Kc<l>>j  1  oe  II  1  a.  k  ndl  all  1  me 
to  give  a  tigiire  of  tliia  fos.  f  «1  II  Mantell  1  as  Ir  w  |  de- 
tailed osteological  account  f  r  |  bl  nl  on  n  tl  e  Jou  1  of  tl  Geo- 
logical Society  of  London  Tl  e  bi  ne^  tl  s  spec  m  1  a  c  J  "com- 
p<Med,  but  the  natural  pos  t  on  f  al  >st  tII  of  tl  e  n  c  n  I  te  n  and 
nearly  perfect  casts  of  the  in  tj  k  n  fro  n  tl  e  1  o  lo  v  nouIU  hicU 
tliey  have  hh.     The  n  atn\      a  fin    gra  ned  w1  ti  b  san  I   on     n  th  a 

•  The  (tpnemlly  received  iletcnnmnticm  uf  Iho  age  of  this  rock  is  pri)bably 
:^arrcct ;  but  oa  there  are  no  overlying  conlmensures  aud  no  well  known  Devonian 
tomli  in  IhR  «hiti«h  stone  of  Elgin,  unil  da  t  have  not  pertnnally  explored  the 
geology  n(  that  diatrict,  I  cannot  «peiik  »»  conGdeatly  aa  in  regwd  to  the  age  of 
tlia  Uontreal  Cheloolan. 
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winent  of  cflrbonate  of  lime.  The  skeleton  exhibits  the  general  charact«n 
of  the  Lncertlans,  blended  with  peculiarities  that  are  BatracbiaD.  Hence 
Dr.  Mantell  infers  that  tliis  reptile  was  either  a  freshwater  Batrachian. 
rmrniblin^  the  Triton,  or  a  small  terrestrial  Lizard.  Slight  indica- 
tions are  visible  of  very  minute  conical 

■■''■-  ""■  teeth.   Captain  Brickenden,  who  is  well 

aci|tiaiiited  with  the  geology  of  that 

p    t    f  Scotland,  informs  me  that  this 

was     u  d  in  the  Hill  of  Spynic. 

h         h     own  of  Elgin,  in  a  rock 

q        i\i        b  tiding,  and  the  same  in 

h    onian  footprints,  alluded 

th     as  page,  occur.     The  skde- 

to        abo        UT  and  a  half  inches  in 

ngtl    bu   p  rt  of  tJie  tail  is  concealed 

Dck     Dr.  Mantell  haa  proposed 

h    g      ric  name  of  Telerpeton. 

from  off,  and  ifrern,  »  rep- 

w  he   specific  name   Elgi- 

ta  m  morates    the    principal 

p   te  n    ch  it  was  obtained. 

F  g     f  BatroehioM  (f)  in  Me  Old 
Red  S    d     M  of  Scotland. — At  page 
3  4       h    w    k  I  have  given  two  lig- 
es   (figs    307    and    398)   of   email 
pr      «         g^  very  common  in  tlif' 
es   and   sandstones   of  the   "  Old 
ed  K    card inesli ire,  Forfiinbire. 

d  F        I     rew  out  as  a  conjecture, 
h      h  y  m  g  t  belong  to  gaslerodmis 
m       sc       k    those  represented  in  fig. 
9      p    3  5     but  Dr.  Mantell,  eoni<' 
rs  wed  tne  a  i^mull  bundk- 

h     d  ed    p  eggs  of  the  common 
""f*  s,  "^       "    L  g  rog    see  fig.  524  a),  black 

>o  oua,  and  so  identical  in 
appearance  with  the  fossils  m  question,  that  he  suggested  the  probabil- 
ity of  these  last  Iwing  of  Batracbian  origin,  The  plants  by  whicli  they 
are  often  accompanied  (fig.  398,  p.  344),  I  formerly  supposed  to  be 
Fuci,  but  Mr.  Buubury  tells  me  that  tiieir  grass-like  form  agrees  wcli 
with  the  idea  of  their  being  freshwater,  and  of  the  family  Fluviales. 

The  absence  of  nil  shells,  so  far  aa  our  researches  have  yet  gone,  in 
the  slates  and  sandstoues  of  Scotland  above  alluded  to,  raises  a  presumji- 
tion  against  their  marine  origin,  and  a  still  stronger  one  against  the 
fossil  eggs  being  tliose  of  Gasteropoda.  It  is  well  known  that  a  single 
female  of  the  Batracbian  tribe  ejects  annually  an  astonishing  quantity  of 
■pawn.     Mr.  Newport,  author  of  many  accurate  researches  into  the  met< 
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amorpboMB  of  the  Amphibia,  having  examined  my  fossils  from  FoHar- 
ikire,  concura  in  Dr.  Mantell's  opinion  that  the  clusters  of  eggs  (flga. 
397,  S9B,  p.  344)  ma;  be  those  of  frogs ;  while  other  larger  ones,  occur- 
ring singly  or  in  pairs  in  ttie  same  slates,  and  often  attached  to  a  leaf, 
may  be  th«  ova  of  a  gigantic  Triton  or  Salamander.  (See  figs.  623,  524, 
925.)     I  may  observe  that  the  subdivision  of  llie  Old  lied  Sandstone,  in 

Flft  BM,  Tig.  OM. 


6.  Egs«ll.;  tl,.o«.i,«l 
FIe,  mi.  K«>  of  tlia  conimon  ftvg,  Sana 
Ifmpcraria.  ia  ■  nriignluil  sU<h  hnn  ■ 

b.  A  troiKvcm  weilon  of  th*  nuH  n 
blblUof  the  form  oTthe  igg^alli. 


rip  saa.  Bbiis  of  ow 

l>*vonlin,  FurlWnhl    . 

Df  pluitsuid  rgp  oT  BUrmcliluis. 


which  these  planta  and  ova  occur  (No.  4  of  the  section,  fig.  62,  p.  48), 
is  considerably  lower  in  position  than  the  rock  in  which  the  Telerpeton 
of  Elgin  is  imbedded. 

Foolprinls  of  Lorner  Carboniferoui  reptUet  in  the  United  Stattt. — 
I  have  stated,  at  p.  340,  that  iti  1840,  Mr.  Iiwac  Lea  observed  the  foot- 
marks of  a  lai^  reptile  in  the  lowest  beds  of  the  coal  formation  nt 
Pottsville,  about  seventy  miles  X.  R  of  Philadelphia.  These  researches 
have  since  been  carried  farther  by  Professor  H.  D.  Rogers,  in  the  same 
region  of  anthraeitic  cool,  lying  on  the  eastern  flank  of  the  Alleghany 
Mountains.  Beneath  the  productive  coal-measures  of  that  country  occurs 
a  dense  mass  of  red  shales  and  sandstones,  which  correspond  nearly  in 
position  to  the  millstone  grit  and  Mountain  Limestone  of  the  southeast 
of  England.  In  these  beds  footprinla,  referred  to  three  species  of  quad- 
rupeds, have  lately  been  detected,  all  of  them  five-toed  and  in  double 
rows,  with  an  opposite  symmetry,  as  if  made  by  right  and  left  feet, 
while  they  likewise  display  the  alternation  of  fore  foot  and  hind  foot. 
One  species,  the  largest  of  the  three,  presents  a  diameter  for  each  foot- 
print of  about  two  inches,  and  shows  the  fore  and  hind  feel  to  be  nearly 
equal  in  dimensions.  It  exhibits  a  length  of  stride  of  about  nine  inches, 
and  a  breadth  between  the  right  and  left  treads  of  nearly  four  inches. 
The  impressions  of  the  hind  feet  are  but  little  in  the  rear  of  the  fore  feet 
Tlie  animal  which  made  them  is  supposed  to  have  been  allied  to  a  Sau- 
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rian,  rntlier  thao  to  a  Batrachian  or  Chetonian ;  but  more  information  i> 
required  before  so  difficult  a  point  can  be  decided.  With  these  foot- 
marks were  seen  shriutage-cracka,  ouch  as  are  caused  by  the  sun's  lieat 
in  mud,  and  rain-spots,  with  the  signs  of  the  trickling  of  water  on  a  wet, 
^andy  beach ;  all  confirming  tlie  conclusion  derived  from  the  footprints, 
that  the  quadnipeds  belonged  to  air-breathers,  and  not  to  aquatic  races.* 
The  Oheirolherian  footprints,  figured  by  me  at  p.  S33,  in  which  the 
fore  and  hind  feet  are  very  unequal  in  size,  betoken  a  distinct  genus,  and 
occur  in  the  midst  of  the  productive  coal-measures,  being  consequently 
lesa  ancient 

On  Fossil  Bain-marki  of  tits  Carboni/erotu  Period  in  North  Atner- 
Ka. — Hnving  alluded  to  the  spots  left  by  rain  on  the  sur&ce  of  carbon- 
iferous strata  in  the  Alleghanies,  on  which  quadrupedal  footprints  are 
seen,  I  niay  mention  that  similar  rain-prinla  are  conspicuous  in  the 
coal-measures  of  Cape  Breton,  in  Nova  Scotia,  in  which  Mr.  Richard 
Brown  has  described  Stigmarife  and  erect  trunks  of  trees,  and  where 
there  are  proofs,  as  stated  at  p.  324,  of  many  fossil  forests  ranged  one 
above  the  other.  In  such  a  region,  if  anywhere,  might  we  expect  to 
detect  evidence  of  the  fall  of  rain  on  a  sea-beach,  so  repeatedly  most  the 
conditions  of  the  same  area  have  oscillated  between  land  and  sea.  The 
intercalation  of  deposits,  containing  shells  of  marine  or  brackish  water, 
indicate  the  constant  proximity  of  a  body  of  salt  water  when  the  clays 
which  supported  the  upright  trees  were  formed.  In  the  couree  of  1881, 
Mr.  Brown  iiad  the  kindness  to  send  me  some  greenish  slates  from  Syd- 
ney, Cape  Breton,  on  which  are  imprinted  very  delicate  impressions  of 
rain-drops,  with  several  worm-tracks  {o,  6,  fig.  520),  such  as  usually  ao- 
company  rain-marks  on  the  recent  mud  of  the  Bay  of  Fundy,  and  other 
modern  beach  es.f 


Fl(.  S¥l. 
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•  H.  D.  Rogers,  Proceedings  of  Amer.  Assoc  of  Science,  Albany,  18*1. 
t  S«e  Memoir  by  tbe  Author,  Quart  Joura.  Ged.  Sac.  vol  vu  p.  HO. 
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like  casts  of  rain-prints,  in  figs.  527  ant]  528,  project  from  the  under 
ude  of  two  layera,  occurring  at  different  levels,  the  one  s  sandy  sh&le, 
Testing  on  the  green  ehale  (fig.  52S),  the  otlier  a  sandBtooe  presenting  ft 
similar  warty  or  blistered  surfHce,  on  which  are  also  observable  some 
small  ridges  as  at  a,  which  stand  out  in  relief,  and  afford  evidence  of 
cracks  formed  by  the  shrinkage  of  subjacent  clay,  on  which  rain  had 
fiUleo.  Uany  of  the  associated  sandstones  are  described  by  Mr.  Brown 
u  ripple-marked. 

The  great  humidity  of  the  climate  of  the  coal  period  had  been  pr«- 
vioualy  inferred  from  the  nature  of  its  vegetation  and  the  continuity  of 
its  forests  for  hundreds  of  miles  ;  but  it  is  satisfactory  to  hsve  at  length 
obtained  such  positive  proo^  of  showers  of  rain,  the  drops  of  which  re- 
sembled in  their  average  size  those  which  now  fall  from  tlie  clouds. 
From  such  data  we  may  presume  that  the  atmosphere  of  the  carbonifer- 
ous period  corresponded  in  density  with  that  now  investing  the  globe, 
and  that  different  currents  of  air  varied  then  as  now,  in  temperature,  so 
as  to  give  rise,  by  their  mixture,  to  the  condensation  of  aqueous  vapors. 

TVtoHtc  ifammi/tr  (Microltste*  aniiquua  Pliaimger). — In  the  year 
1847,  Professor  Plieninger,  of  Stuttgart,  published  a  description  of  two 
fossil  molar  teeth,  referred  by  him  to  a  warm-blooded  quadruped,*  which 
he  obtained  from  a  bone-breccia  in  WQrtemberg  occurring  between  the 
lias  and  the  keuper.  As  the  announcement  of  so  novel  a  fact  has  never 
met  with  the  attention  it  deserved,  we  are  indebted  to  Dr.  Jager,  of 
Stuttgart,  for  having  recently  reminded  us  of  it  in  his  Memoir  on  the 
Fossil  Mammalia  of  Wiirtemberg.f 

Fig.  62S  represents  the  tooth  fint  found,  taken  from  the  plate  pub- 
lished in  ]  847,  by  Professor  Plieninger ;  and  fig.  530  is  a  drawing  lA 
the  same  executed  from  the  original  by  Mr.  Hermann  von  Meyer,  which 

*  WQrtembergisch.  Nsturwisaen  Jahrs^efte,  3  Jahr.  Stutt^rt,  IS4T. 
\  Nov.  Act.  Acad.  Cosar.  Leopold.  Sti.  Cur.  1860,  p.  90!.    For  figure^  SM 
ibid,  plate  zxl,£gi.  14,  16,  K,  IT 
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he  has  been  kind  enough  to  send  me.     Fig.  529  is  a  second  and  larger 
molar,  copied  from  Dr.  Jager's  plate  hxi.,  fig.  15. 


Fig.  029. 


MieroU§te»  antiqvus^  Plleninger.    Molar  tooth  mag^ 
nifled.     Upper  Trias,  DIegerloch,  near  Stuttgart, 
Wiirtemberg. 
a.  View  of  inner  side?  e.  Same  In  profile. 


b.  Same,  outer  side  ? 


d.  Grown  of  same. 


Fig.  680. 


I 


Mierolutet  atUiqufU, 
Plien. 

View  of  same  molar 
as  No.  529.  From  a 
drawing  by  Her- 
mann von  Meyer. 

a.  View    of    inner 
side? 

b.  Crown  of  same. 


Molar  of  MicnAn- 
tMf  Plien.  4  times 
as  large  as  fig.  529. 
From  the  triiis  of 
Dlegerlocb,  Stutt- 
gart 


Fig.  581.  Professor    Plieninger  inferred   in    184V,   from   the 

double  fangs  of  this  tooth  and  their  unequal  size,  and 
from  tlie  form  and  number  of  the  protuberances  or 
cusps  on  the  flat  crowns,  that  it  was  the  molar  of  a 
Mammifer  ;  and  considering  it  as  predaceous,  probably 
insectivorous,  he  called  it  Microlestes,  from  ftixpo^,  little, 
and  X7)(fr7)f,  a  beast  of  prey.  Soon  afterwards,  he  found 
the  second  tooth  also,  at  the  same  locality,  Diegerloch, 
about  two  miles  to  the  southeast  of  Stuttgart.  Some 
of  its  cusps  are  broken,  but  there  seems  to  have  been 
six  of  them  originally.  From  its  agreement  in  general 
characters,  it  is  supposed  by  Professor  Plieninger  to  be  referable  to  the 
same  animal,  but  as  it  is  four  times  as  big,  it  may  perhaps  have  be- 
longed to  another  allied  species.  This  molar  is  attached  to  the  matrix 
consisting  of  sandstone,  whereas  the  tooth,  No.  529,  is  isolated.  Several 
fragments  of  bone,  differing  in  structure  from  that  of  the  associated  sau- 
rians  and  fish,  and  believed  to  be  mammiferous,  were  imbedded  near 
them  in  the  same  rock. 

Mr.  Waterhouse,  of  the  British  Museum,  after  studying  the  annexed 
figs.  629,  531,  and  the  descriptions  of  Prof  Plieninger,  observes,  that  not 
only  the  double  roots  of  the  teeth  and  their  crowns  presenting  several 
cusps,  resemble  those  of  Mammalia,  but  the  cingulum  also,  or  ridge  sur- 
rounding the  base  of  that  part  of  the  body  of  the  tooth  which  was  ex- 
posed or  above  the  gum,  is  a  character  distinguishing  them  from  fish 
and  reptiles.  "  The  arrangement  of  the  six  cusps  or  tubercles  in  two 
rows,  in  fig.  529,  with  a  groove  or  depression  between  them  and  the 
oblong  form  of  the  tooth,  lead  him,  he  says,  to  regard  it  as  a  molar  of 
the  lower  jaw.  Both  the  teeth  differ  from  those  of  the  Stonesfield  Mam- 
malia,* but  do  not  supply  sufiicient  data  for  determining  to  what  order 
they  belonged.  Even  in  regard  to  the  Stonesfield  jaws,  where  we  possess 
80  much  ampler  materials,  we  cannot  safely  pronounce  on  the  order." 


*  See  Manual,  p  368. 
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Professor  Plieninger  has  sent  me  a  cast  of  the  smaller  tooth,  which 
exhibits  well  the  characteristic  mammalian  test,  the  double  fang ;  but 
Mr.  Owen,  to  whom  I  have  shown  it,  is  not  able  to  recognize  its  affinity 
with  any  mammalian  type,  recent  or  extinct,  known  to  him. 

It  has  already  been  stated  that  the  stratum  in  which  the  above-men- 
tioned fossils  occur  is  intermediate  between  the  lias  and  the  uppermost 
member  of  the  trias.  That  it  is  really  triassic  may  be  deduced  from  the 
following  considerations.  In  Wurtemberg  there  are  two  "  bone-beds," 
one  of  great  extent,  and  very  rich  in  the  remains  of  fish  and  reptiles, 
which  intervenes  between  the  muschelkalk  and  keuper,  the  other,  con- 
taining the  Microlestes,  less  extensive  and  fossiliferous,  which  rests  on 
the  keuper,  or  superior  member  of  the  trias,  and  is  covered  by  the 
sandstone  of  the  lias.  The  last-mentioned  breccia  therefore  occupies  the 
same  space  as  the  well-known  English  "bone-bed"  of  Axmouth  and 
Aust-cliff  near  Bristol,  which  is  shown*  to  include  characteristic  species 
of  muschelkalk  fish,  of  the  genus  Sauricthys,  Hybodus,  and  Gyrolepis. 
In  both  the  WUrtemberg  bone-beds  these  three  genera  are  also  found, 
and  one  of  the  species^  Sauricthys  Mougeotii,  is  common  to  both  the 
lower  and  upper  breccias,  as  is  also  a  remarkable  reptile  called  Notho- 
saunis  mirabilis.  The  Saurian  called  Belodon  by  II.  Von  ^leyer  of  the 
Thecodont  family,  is  another  Triassic  form,  associated  at  Diegerloch  with 
Microlestes. 

Prenous  to  this  discovery  of  Professor  Plieninger,  the  most  ancient  of 
known  fossil  Mammalia  were  those  of  the  Stonesfield  slate,  a  subdivision 
of  the  Lower  Oolite,f  no  representative  of  this  class  having  as  yet  been 
met  with  in  the  Fuller's  earth,  or  inferior  Oolite  (see  Table,  p.  258),  nor 
in  any  member  of  tlie  lias. 

Thecodont  Saurians, — This  family  of  reptiles  is  common  to  the  Trisk 
and  Permian  groups  in  Germany,  and  the  geologists  employed  in  the 
government  survey  of  Great  Britain  have  come  to  the  conclusion,  that 
the  rock  containing  the  two  species  alluded  to  at  p.  306,  and  of  which 
the  teeth  are  represented  in  figs.  348,  349,  ought  rather  to  be  referred  to 
the  Trias  than  to  the  Permian  group. 

CRETACEOUS    GASTEROPODA. 

In  speaking  of  the  chalk  of  Faxoe  in  Denmark  (p.  210),  or  the 
highest  member  of  the  Cretaceous  series,  I  have  remarked  that  it  is 
characterized  by  univalve  Mollusca,  both  spiral  and  patelliform,  which 
are  wanting  or  rare  in  the  white  chalk  of  Europe.  This  last  state- 
ment requires,  I  find,  some  modification.  It  holds  true  in  regard  to 
certain  forms,  such  as  Cypnca  and  OUva,  found  at  Faxoe ;  but  M.  A. 
d'Orbigny  enumerates  24  species  of  Gasteropoda  from  the  white  chalk 
(Terrain  Senonien)  of  France  alone.  The  same  author  describes 
134  French  species  of  Gasteropoda  from  the  chloritic  chalk  marl  and 
upper  greensand  (Turonien),  77  from  the   gault,  and   90  from  the 

•  Manual,  PL  289.  f  Ibid  p.  268. 
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lower  greensand  (Neocomien),  in  all  325  species  of  Gasteropoda, 
from  the  cretaceous  group  below  the  Maestricht  beds.  Among  these 
he  refers  1  to  the  genus  Mitra,  17  to  Fusus,  17  to  Trochus,  4  to 
Emarginula,  and  36  to  Cerithium.  Notwithstanding,  therefore,  the  pe- 
culiarity of  the  chambered  univalves  of  various  genera,  so  abundant  in 
the  chalk,  the  Mollusca  of  the  period  approximate  in  character  to  the 
tertiary  and  recent  Fauna  far  more  than  was  formerly  supposed. 

DICOTYLEDONOUS    LEAVES    IN    LOWJIR   CRETACEOUS   STRATA. 

M.  Adolphe  Brongniart  when  founding  his  classification  of  the  fossil- 
iferous  strata  in  reference  to  their  imbedded  fossil  plants,  has  placed  the 
cretaceous  group  in  the  same  division  with  the  tertiary,  that  is  to  say,  in 
his  "  Age  of  Angiosperms."*  This  arrangement  is  based  on  the  fact 
that  the  cretaceous  plants  display  a  transition  character  from  the  vegeta- 
tion of  the  secondary  to  that  of  the  tertiary  periods.  Coniferae  and  Cyca- 
dese  still  flourished  as  in  the  preceding  oolitic  and  triassic  epochs ;  but 
with  these  fossils,  some  well-marked  leaves  of  dicotyledonous  trees  re- 
ferred to  several  species  of  the  genus  Credneria,  had  been  found  in  Ger- 
many in  the  Quader  Sand-stein  and  Planer-kalk.  Still  more  recently. 
Dr.  Debey  of  Aix-la-Chapelle  has  met  with  a  great  variety  of  other  leaves 
of  dicotyledonous  plants  in  the  cretaceous  flora,f  of  which  he  enumerates 
no  less  than  26  species,  some  of  the  leaves  being  from  four  to  six  inches 
in  length,  and  in  a  beautiful  state  of  preservation.  In  the  absence  of 
the  organs  of  fructification  and  of  fossil  fruits,  the  number  of  species  may 
be  exaggerated ;  but  we  may  nevertheless  afiirm,  reasoning  from  our 
present  data,  that  in  the  lower  chalk  of  Aix-la-Chapelle,  Dicotyledonous 
Angiosperms  flourished  nearly  in  equal  proportions  with  Gymnosperms ; 
a  fact  of  great  significance,  as  some  geologists  had  wished  to  connect  the 
rarity  of  dicotyledonous  trees  with  a  peculiarity  in  the  state  of  the  at- 
mosphere in  the  earlier  ages  of  the  planet,  imagining  that  a  denser  air 
and  noxious  gases,  especially  carbonic  acid  in  excess,  were  adverse  to  the 
prevalence,  not  only  of  the  quick-breathing  classes  of  animals  (mammalia 
and  birds),  but  to  a  flora  like  that  now  existing,  while  it  favored  the 
predominance  of  reptile  life,  and  a  cryptogamic  and  gymnospermous 
flora.  The  coexistence,  therefore,  of  dicotyledonous  angiosperms  in 
abundance  with  Cycads  and  Coniferae,  and  with  a  rich  reptilian  fauna 
comprising  the  Iguanodon,  Ichthyosaurus,  Pliosaurus,  and  Pterodactyl, 
in  the  lower  cretaceous  series  tends,  like  the  oolitic  mammalia  of  Stones- 
field  and  Stuttgart,  and  the  triassic  birds  of  Connecticut,  to  dispel  the 
idea  of  a  meteorological  state  of  things  in  the  secondary  periods  widely 
distinct  from  that  now  prevailing. 

Oenercd  remarks, — In  the  preliminary  chapters  of  "  The  Principles  of 
Gleology,"  in  the  first  and  subsequent  editions,  I  have  considered  the 
question,  how  far  tlie  changes  of  the  earth's  crust  in  past  times  confirm 
or  invalidate  the  popular  hypothesis  of  a  gradual  improvement  in  the 

*  For  Terminology  see  Note,  p.  228.       f  Quart.  Joum.  yoL  vil  Hemoin^  p.  111« 
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habitable  condition  of  the  planet,  accompanied  by  a  contemiK>raneoii£ 
derelopment  and  progression  in  organic  life.  It  had  long  been  a  favorite 
theory,  that  in  the  earlier  ages  to  which  we  can  carry  bac^  our  geological 
researches,  the  earth  was  shaken  by  more  frequent  and  terrible  earth- 
quakes than  now,  and  that  there  was  no  certainty  nor  stability  in  the 
Older  of  the  natural  world.  A  few  sea-weeds  and  zoophjrtes,  or  plants 
and  animate  of  the  simplest  organization,  were  alone  capable  of  existing 
in  a  state  of  things  so  unfixed  and  unstable.  But  in  proportion  as  the 
conditions  of  existence  improved,  and  great  convulsions  and  catastrophes 
became  rarer  and  more  partial,  flowering  plants  were  added  to  the  crypUy- 
gamic  class,  and  by  the  introduction  of  more  and  more  perfect  spedes,  a 
varied  and  complex  flora  was  at  last  established.  In  like  manner,  in  the 
animal  kingdom,  the  zoophyte,  the  brachiopod,  the  cephalopod,  the  fish, 
the  reptile,  the  bird,  and  the  warm-blooded  quadruped  made  their  en- 
trance into  the  earth,  one  after  the  other,  until  finally,  after  the  close  of 
the  tertiary  period,  came  the  quadrumanous  mammalia,  most  nearly  re- 
sembling man  in  outward  form  and  internal  structure,  and  followed  soon 
afterwards,  if  not  accompanied  at  first,  by  the  hmnan  race  itself. 

The  objections  which,  in  1830, 1  urged  against  this  doctrine,*  in  so 
£ur  as  relates  to  the  passage  of  the  earth  from  a  chaotic  to  a  more  settled 
condition,  have  since  been  embraced  by  a  large  and  steadily  increasing 
school  of  geologists ;  and  in  reference  to  the  animate  world,  it  will  be 
seen,  on  comparing  the  present  state  of  our  knowledge  with  that  which 
we  possessed  twenty  years  ago,  how  fully  I  was  justified  in  declaring  the 
insufficiency  of  the  data  on  which  such  bold  generalizations,  respecting 
progressive  development,  were  based.  Speaking  of  the  absence,  from  the 
tertiary  formations,  of  fossil  Quadrumana,  I  observed,  in  1830,  that  '^  we 
had  no  right  to  expect  to  have  detected  any  remains  of  tribes  which  live 
in  trees,  until  we  knew  more  of  those  quadrupeds  which  frequent  marshes, 
rivers,  and  the  borders  of  lakes,  such  being  usually  first  met  with  in  a 
foesil  state.''!  I  also  added,  ^^  if  we  are  led  to  infer,  from  the  presence  of 
orocodiles  and  turtles  in  the  London  clay,  and  from  the  cocoa-nuts  and 
spices  found  in  the  isle  of  Sheppey,  that  at  the  period  when  our  older 
tertiary  strata  were  formed,  the  climate  was  hot  enough  for  the  Quadru- 
mana, we  nevertheless  could  not  hope  to  discover  any  of  their  skeletons 
until  we  had  made  considerable  progress  in  ascertaining  what  were  the 
contemporary  Pachydermata ;  and  not  one  of  these  has  been  discovered 
as  yet  in  any  strata  of  this  epoch  in  England." 

Nine  years  afterwards,  when  these  fossil  Pachyderms  had  been  found 
in  the  London  clay,  and  in  the  sandy  strata  at  its  base,  the  remains  of  a 
monkey,  of  the  genus  Macacus,  were  detected  near  Woodbridge,  in  Suf- 
folk; and  other  Quadrumana  had  been  met  with,  a  short  time  previously, 
in  different  stages  of  the  tertiary  series,  in  India,  France,  and  Brazil. 

When  we  consider  the  small  area  of  the  earth's  surface  hitherto  ex- 
amined geologically,  and  our  scanty  acquaintance  with  the  fossil  Yerte- 

*  Flpnctples,  1st  ed.  diapsb  v.  and  iz.  t  I^^  F^  ^^^ 
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brata,  even  of  the  environs  of  great  European  capitals,  it  is  truly  sur- 
prising that  any  naturalist  should  be  rash  enough  to  assume  that  the 
Lower  Eocene  deposits  mark  the  era  of  the  first  creation  of  Quadrumana. 
It  is,  however,  still  more  unphilosophical  to  infer  from  a  single  extinct 
species  of  this  order,  obtained  in  a  latitude  far  from  the  tropics,  that  the 
Eocene  Quadrimiana  had  not  attained  as  high  a  grade  of  organization 
88  those  of  our  own  times,  when  the  naturalist  is  acquainted  with  all,  or 
nearly  all,  the  species  of  monkeys,  apes,  and  orangs  which  are  contem- 
porary with  man. 

To  return  to  the  year  1830,  Mammalia  had  not  then  been  traced  to 
rocks  of  higher  antiquity  than  the  Stonesfield  Oolite,  whereas  we  have 
just  seen  that  memorials  of  this  class  have  at  length  made  their  appear- 
ance in  the  Trias  of  Germany.  In  1830  birds  had  been  discovered  no 
lower  in  the  series  than  the  Paris  gypsum,  or  Middle  Eocene.  Their 
bones  have  now  been  found  both  in  England  and  the  Swiss  Alps  in  the 
Lower  Eocene,  and  their  existence  has  been  established  by  foot-prints  in 
the  triassic  epoch  in  North  America  (p.  297).  Reptiles  in  1830  had  not 
been  detected  in  rocks  older  than  the  Magnesian  limestone,  or  Permian 
formation ;  whereas  the  skeletons  of  four  species  have  since  been  brought 
to  light  (see  p.  336)  in  the  coal-measures,  and  one  in  the  Old  Red  sand- 
stone of  Europe,  while  the  footprints  of  three  or  four  more  have  been 
•observed  in  carboniferous  rocks  of  North  America,  not  to  mention  the 
•ohelonian  trail  above  described,  from  the  most  ancient  of  the  fossiliferous 
rocks  of  Canada,  the  ^^  Potsdam  Sandstone,'^  which  lies  at  the  bas^  of 
the  Lower  Silurian  system.     (See  above,  p.  vii.) 

Lastly,  the  remains  offish,  which  in  1830  were  scarcely  recognized  in 
deposits  older  than  the  coal,  have  now  been  found  plentifully  in  the  De- 
vonian, and  sparingly  in  the  Silurian,  strata ;  though  not  in  any  forma- 
tion of  such  high  antiquity  as  the  Ohelonian  of  Montreal. 

Previously  to  the  discovery  last  mentioned,  it  was  by  no  means  un- 
%oonuuon  for  paleontologists  to  speak  with  confidence  of  fish  as  having 
been  created  before  reptiles.  It  was  deemed  reasonable  to  suppose  that 
'.the  introduction  of  a  particular  class  or  order  of  beings  into  die  planet 
.coincided,  in  date,  with  the  age  of  the  oldest  rock  to  which  the  remains 
•of  that  class  or  order  happened  then  to  have  been  traced  back.  To  be 
. consistent  with  themselves,  the  same  naturalists  ought  now  to  take  for 
granted  that  reptiles  were  called  into  existence  before  fish.  This  they 
will  not  do,  because  such  a  conclusion  would  militate  against  their 
fiiv(»ite  hypothesis  of  an  ascending  scale,  according  to  which  Nature 
"evolved  the  organic  world,"  rendering  it  more  and  more  perfect  in  the 
lapse  of  ages. 

In  our  efforts  to  arrive  at  sound  theoretical  views  on  such  a  question, 
it  would  seem  most  natural  to  turn  to  the  marine  invertebrate  animals 
as  to  a  class  afibrding  the  most  complete  series  of  monuments  that  have 
come  -down  to  iis,  and  where  we  can  find  corresponding  terms  of  com- 
parison, in  strata  of  every  age.  If,  in  this  more  complete  series  of  her 
archiT69|  Nature  had  really  exhibited  a  more  simple  grade  of  oiganiia- 
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tion  in  ibesils  of  the  remotest  antiquity,  we  might  h^ve  suspected  that 
there  was  some  foundation  of  facts  in  the  theory  of  successive  develop- 
ment. But  what  do  we  find  ?  In  the  Lower  Silurian  there  is  a  full 
representation  of  the  Radiata,  MoUusca,  and  Articulata  proper  to  the 
sea.  The  marine  Fauna,  indeed,  in  those  three  classes,  is  so  rich  as  al- 
most to  imply  a  more  perfect  development  than  that  which  now  peoples 
the  ocean.  Thus,  in  the  great  division  of  the  Radiata,  we  find  asteroid 
and  helianthoid  zoophytes,  besides  crinoid  and  cystidean  echinoderms. 
In  the  MoUusca  of  the  same  most  ancient  epoch  M.  Barrande  enumerates, 
in  Bohemia  alone,  the  astonishing  number  of  253  species  of  Cephalo- 
poda. In  the  Articulata  we  have  the  crustaceans,  represented  by  more 
than  200  spedes  of  Trilobites,  not  to  mention  other  genera. 

It  is  only  then,  in  reference  to  the  Vertebrata,  that  the  argument  of 
degeneracy  in  proportion  as  we  trace  fossils  back  to  older  formations  can 
be  maintained  ;  and  the  dogma  rests  mainly  for  its  support  on  negative 
evidence,  whether  deduced  from  the  entire  absence  of  the  fossil  represent- 
atives of  certain  classes  in  particular  rocks,  or  the  low  grade  of  the  first 
few  species  of  a  class  which  chance  has  thrown  in  our  way. 

Tlie  scarcity  of  all  memorials  of  birds  in  strata  below  the  Eocene,  has 
been  a  subject  of  surprise  to  some  geologists.  The  bones  formerly  re- 
ferred to  birds  in  the  Wealden  and  Chalk,  are  now  admitted  to  have 
belonged  to  flying  reptiles,  of  various  sizes,  one  of  them  from  the  Kent- 
ish chalk  so  large  as  to  have  measured  16  feet  6  inches  from  tip  to  tip 
of  its  outstretched  wings.  Whether  some  elongated  bones  of  the  Stones- 
field  Oolite  should  be  referred  to  birds,  which  they  seem  greatly  to  re- 
semble in  microscopic  structure,  or  to  Plerodactyles,  is  a  point  now  under 
investigation.  If  it  should  be  proved  that  no  osseous  remains  of  the 
class  Aves  have  hitherto  been  derived  from  any  secondary  or  primary 
formation,  we  must  not  too  hastily  conclude  that  birds  were  even  scarce 
in  these  periods.  Tlie  rarity  of  such  fossils  in  the  Eocene  marine  strata 
is  very  striking.  In  1846,  Professor  Owen,  in  his  "History  of  the  Fossil 
Mammalia  and  Birds  of  Great  Britain,"  was  unable  to  obtain  more  than 
four  or  five  fragments  of  bones  and  skulls  of  birds  from  the  London  clay, 
by  tlie  aid  of  which  four  species  were  recognized.  Even  so  recently, 
tlierefore,  as  1 846,  as  much  was  known  of  the  Mammalia  of  the  Stones- 
field  Oolite,  as  of  the  ornithic  Fauna  of  our  English  Eocene  deposits. 

To  reason  correctly  on  the  value  of  negative  facts  in  this  branch  of 
Paleontology,  we  must  first  have  ascertained  how  far  the  relics  of  birds 
are  now  becoming  preserved  in  new  strata,  whether  marine,  fluviatile,  or 
laca^trine.  I  have  explained,  in  the  "  Principles  of  Geology,"  that  the 
imbedding  of  the  bones  of  living  birds  in  deposits  now  in  progress  in 
inland  lakes  appears  to  be  extremely  rare.  In  the  shell-marl  of  Scotland, 
which  is  made  up  bodily  of  the  shells  of  the  genera  Limneus,  Planorbis, 
Succinea,  and  Valvata,  and  in  which  the  skeletons  of  deer  and  oxen 
abound,  we  find  no  bones  of  birds.  Yet  we  know  that,  before  the  lakes 
were  drained  which  yield  this  marl  used  in  agriculture,  the  surface  of 
the  water  and  the  bordering  swamps  were  covered  with  wild  duckai 
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herons,  and  other  fowl.  They  left  no  memorials  behind  them,  because, 
if  they  perished  on  the  land,  their  bodies  decomposed  or  became  the 
prey  of  carnivorous  animals ;  if  on  the  water,  they  were  buoyant  and 
floated  till  they  were  devoured  by  predaceous  fish  or  birds.  The  same 
causes  of  obliteration  have  no  power  to  efface  the  footprints  which 
the  same  creatures  may  leave,  under  favorable  circumstances,  im- 
printed on  an  ancient  mud-bank  or  shore,  on  which  new  strata  may  be 
from  time  to  time  thrown  down.  In  the  red  mud  of  recent  origin  spread 
over  wide  areas  by  the  high  tides  of  the  bay  of  Fundy,  innumerable  foot- 
tracks  of  recent  birds  (Tringa  minuta)  are  preserved  in  successive  layers, 
and  hardened  by  the  sun.  Yet  none  of  the  bones  of  these  birds,  though 
diligently  searched  for,  have  yet  been  discovered  in  digging  trenches 
through  the  red  mud.  It  is  true  that,  in  a  few  spots,  the  bones  of  birds 
have  been  met  with  plentifully  in  the  older  tertiary  strata,  but  always  in 
rocks  of  freshwater  origin,  such  as  the  Paris  gypsum  or  the  lacustrine 
limestone  of  the  Limagne  d'Auvergne.  In  strata  of  the  same  age,  in 
Belgium  and  other  European  countries,  or  in  the  United  States,  where 
no  less  careful  search  has  been  made,  few,  if  any,  fossil  birds  have  come 
to  light. 

We  ought,  therefore,  most  clearly  to  perceive  that  it  is  no  part  of  the 
plan  of  Nature  to  hand  down  to  after  times  a  complete  or  systematic 
record  of  the  former  history  of  the  animate  world.  The  preservation  of 
the  relics,  even  of  aquatic  tribes  of  animals,  is  an  exception  to  the  gen- 
eral rule,  although  time  may  so  multiply  exceptional  cases  that  Uiey 
may  seem  to  constitute  the  rule ;  and  may  thus  impose  upon  the  imagina- 
tion, leading  us  to  infer  the  non-existence  of  creatures  of  which  no  mon- 
uments are  extant.  Hitherto  our  acquaintance  with  the  birds,  and  even 
the  Mammalia,  of  tiie  Eocene  period  has  depended,  almost  everywhere, 
on  single  specimens,  or  on  a  few  individuals  found  in  one  spot.  It  has 
therefore  depended  on  what  we  commonly  call  chance ;  and  we  must  not 
wonder  if  the  casual  discovery  of  a  tertiary,  secondary,  or  primary  rock, 
rich  in  fossil  impressions  of  the  footprints  of  birds  or  quadrupeds,  should 
modify  or  suddenly  overthrow  all  theories  based  on  negative  facts. 

The  chief  reason  why  we  meet  more  readily  with  the  remains  of  every 
class  in  tertiary  than  in  secondary  strata,  is  simply  that  the  older  rocks 
are  more  and  more  exclusively  marine  in  proportion  as  we  depart  fiirther 
and  farther  from  periods  during  which  the  existing  continents  were  built 
up.  The  secondary  and  primary  formations  are,  for  the  most  part,  ma- 
rine,— not  because  the  ocean  was  more  universal  in  past  times,  but  be- 
cause the  epochs  which  preceded  the  Eocene  were  so  distant  from  our 
own,  tiiat  entire  continents  have  been  since  submerged. 

I  have  alluded,  at  p.  299,  to  Mr.  Darwin's  account  of  the  South  Ameri- 
can Ostriches,  seen  on  the  coast  of  Buenos  Ayres,  walking  at  low  water 
over  extensive  mud-banks,  which  are  then  dry,  for  the  sake  of  feeding  on 
small  fish.  Perhaps  no  bird  of  such  perfect  organization  as  the  eagle  or 
vulture  may  ever  accompany  these  ostriches.  Certainly,  we  cannot  ex* 
.pect  the  condor  of  the  Andes  to  leave  its  trail  on  such  a  shore ;  and  nc 
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trayeller,  after  searching  for  footprints  along  the  whole  eastern  coast  of 
South  America,  would  venture  to  speculate,  from  the  results  of  such  an 
inquiry,  on  the  extent,  variety,  or  development  of  the  feathered  Faima  of 
the  interior  of  that  continent. 

The  aheence  of  Cetacea  from  rocks  older  thaYi  the  Eocene  has  been 
frequently  adduced  as  lending  countenance  to  the  theory  of  the  late  ap- 
pearance of  the  highest  class  of  Vertebrata  on  the  earth.  That  we  have 
hitherto  failed  to  detect  them  in  the  Oolite  or  Trias,  does  not  imply,  as 
we  have  now  seen,  that  Mammalia  were  not  then  created.  Even  in  the 
Eocene  strata  of  Europe,  the  discovery  of  Cetaceans  has  never  kept  pace 
with  that  of  land  quadrupeds.  The  only  instance  cited  in  Great  Britain 
is  a  species  of  Monodon,  from  the  London  clay,  of  doubtful  authenticity 
as  to  its  geological  position.  On  the  other  hand,  the  gigantic  Zeuglodon 
of  North  America  (see  p.  207),  occurs  abundantly  in  the  Middle  Eocene 
strata  of  Geoigia  and  Alabama,  from  which  as  yet  no  bones  of  land 
quadrupeds  have  been  obained. 

Professor  Sedgwick  states  in  a  recent  work,*  that  he  possesses  in  the 
Woodwardian  Museum,  a  mass  of  anchylosed  cervical  vertebrae  of  a 
whale  which  he  found  near  Ely,  and  which  he  believes  to  have  been  washed 
out  of  the  Kimmeridge  clay,  a  member  of  the  Upper  Oolite ;  but  its 
true  geological  site  is  not  well  determined.  It  differs,  says  Professor 
Owen,  from  any  other  known  fossil  or  recent  whale. 

In  the  present  imperfect  state  then  of  our  information,  we  can  scarcely 
say  more  than  that  the  Cetacea  may  have  been  scarce,  in  the  secondary 
and  primary  periods.  It  is  quite  conceivable  that  when  aquatic  saurians, 
flome  of  them  carnivorous,  like  the  Ichthyosaurus,  were  swarming  in  the 
aea,  and  when  there  were  large  herbivorous  reptiles,  like  the  Iguanodon, 
on  the  land,  such  reptiles  may,  to  a  certain  extent,  have  superseded  the 
Cetaoea,  and  dischaiged  their  functions  in  the  animal  economy. 

The  views  which  I  proposed  originally  in  the  Principles  of  Geology 
in  opposition  to  the  theory  of  progressive  development  may  be  thus 
briefly  explained.  From  the  earliest  period  at  which  plants  and  animals 
can  be  proved  to  have  existed,  there  has  been  a  continual  change  going 
on  in  the  position  of  land  and  sea,  accompanied  by  great  fluctuations  of 
climate.  To  these  ever-varpng  geographical  and  climatal  conditions 
the  state  of  the  animate  world  has  been  unceasingly  adapted.  No  sat- 
isfactory proof  has  yet  been  discovered  of  the  gradual  passage  of  the 
earth  from  a  chaotic  to  a  more  habitable  state,  nor  of  a  law  of  progres- 
sive development  governing  the  extinction  and  renovation  of  species,  and 
causing  the  Fauna  and  Flora  to  pass  from  an  embryonic  to  a  more  per- 
fect condition,  from  a  simple  to  a  more  complex  organization. 

The  principle  of  adaptation  above  alluded  to,  appears  to  have  been 
analogous  to  that  which  now  peoples  the  arctic,  temperate,  and  tropical 
regions  contemporaneously  with  distinct  assemblages  of  species  and 
genera,  or  which  independently  of  mere  temperature  gives  rise  to  a  pre- 

*  PrefiMse  to  5th  ed.  of  Studies  of  University  of  Cambridge. 
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dominance  of  the  marsupial  tribe  of  quadrupeds  in  Australia,  and  of  the 
placental  tribe  in  Asia  and  Europe,  or  to  a  profusion  of  reptiles  without 
mammalia  in  the  Galapagos  Archipelago,  and  of  mammalia  without 
reptiles  in  Greenland.* 

This  theory  implies,  almost  necessarily,  a  very  unequal  representation 
at  successive  periods  of  the  principal  classes  and  orders  of  plants  and 
animals,  if  not  in  the  whole  globe,  at  least  throughout  very  wide  areas. 
Thus,  for  example,  the  proportional  number  of  genera,  species,  and  indi- 
viduals in  the  vertebrate  class  may  differ,  in  two  different  and  distinct 
epochs,  to  an  extent  unparalleled  by  any  two  contemporaneous  Faunas, 
because  in  the  course  of  millions  of  ages,  the  contrast  of  climate  and 
geographical  conditions  may  exceed  the  difference  now  observable  in 
polar  and  equatorial  latitudes. 

I  shall  conclude  by  observing,  that  if  the  doctrine  of  successive  de- 
velopment had  been  paleontologically  true,  as  the  new  discoveries  above 
enumerated  show  that  it  is  not ;  if  the  sponge,  the  cephalopod,  the  fish, 
the  reptile,  the  bird,  and  tlie  mammifer  had  followed  each  other  in  regu- 
lar chronological  order — the  creation  of  each  class  being  separated  from 
the  other  by  vast  intervals  of  time ;  and  if  it  were  admitted  that  Man 
was  created  last  of  all,  still  we  should  by  no  means  be  able  to  recognize, 
in  his  entrance  upon  the  earth,  the  last  term  of  one  and  the  same  series 
of  progressive  developments.  For  the  superiority  of  Man,  as  compared 
to  the  irrational  mammalia,  is  one  of  kind,  rather  than  of  degree,  con- 
sisting in  a  rational  and  moral  nature,  with  an  intellect  capable  of  in- 
definite progression,  and  not  in  the  perfection  of  his  physical  organiza- 
tion, or  those  instincts  in  which  he  resembles  the  brutes.  He  may  be 
considered  as  a  link  in  the  same  unbroken  chain  of  being,  if  we  regard 
him  simply  as  a  new  species — a  member  of  the  animal  kingdom — subject, 
like  other  species,  to  certain  fixed  and  invariable  laws,  and  adapted  like 
them  to  the  state  of  the  animate  and  inanimate  world  prevailing  at  the 
time  of  his  creation.  Physically  considered,  he  may  form  part  of  an 
indefinite  series  of  terrestrial  changes  past,  present,  and  to  come ;  but 
morally  and  intellectually  he  may  belong  to  another  system  of  things — 
of  things  immaterial — a  system  which  is  not  permitted  to  interrupt  or 
disturb  the  course  of  the  material  world,  or  the  laws  which  govern  its 
changes.f 

*  Principleft.  4th  ed  1885,  vol.  I  p.  231 ;  and  vol.  I  chap.  9,  subsequent  ed. 

f  In  my  Anniversary  Address  for  1851,  to  the  Geological  Society,  the  reader 
will  find  a  full  discussion  of  the  facts  and  arguments  which  bear  ou  the  theory  of 
progressive  development — Quart  Journ.  GeoL  Soc.  vol  vil 
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ELEMENTARY  GEOLOGY. 


CHAPTER  I. 

ON    THE   DIFFERENT    CLASSES    OF   ROCKS. 

Qeologj  defined — Successive  formation  of  the  earth's  cmst-^lassification  of 
rocks  according  to  their  origin  and  age — Aqueous  rocks— Their  stratification 
and  imbedded  fossils — Volcanic  rocks,  with  and  without  cones  and  craters — 
Platonic  rocks,  and  their  relation  to  tlie  volcanic — Metamorphic  rocks  and  their 
probable  origin — The  term  primitive,  why  erroneously  applied  to  the  crystal- 
line  formations — Leading  division  of  the  work. 

Of  what  materials  is  the  earth  composed,  and  in  what  manner  are  these ' 
materials  arranged  ?  These  are  the  first  inquiries  with  which  Geology 
is  occupied,  a  science  which  derives  its  name  from  the  Greek  yVi,  pe,  the 
earth,  and  Xo/o^,  logoSj  a  discourse.  Previously  to  experience,  we  might 
have  imagined  that  investigations  of  this  kind  would  relate  exclusively 
to  the  mineral  kingdom,  and  to  the  various  rocks,  soils,  and  metals, 
which  occur  upon  the  surfiace  of  the  earth,  or  at  various  depths  beneath 
it  But,  in  pursuing  such  researches,  we  soon  find  ourselves  led  on  to 
consider  the  successive  changes  which  have  taken  place  in  the  former 
state  of  the  earth^s  surface  and  interior,  and  the  causes  which  have  given 
rise  to  these  changes ;  and,  what  is  still  more  singular  and  unexpected, 
we  soon  become  engaged  in  researches  into  the  history  of  the  animate 
creation,  or  of  the  various  tribes  of  animals  and  plants  which  have,  at 
different  periods  of  the  past,  inhabited  the  globe. 

All  are  aware  that  the  solid  parts  of  the  earth  consist  of  distinct  sub- 
stances, such  as  clay,  chalk,  sand,  limestone,  coal,  slate,  granite,  and  the 
like;  but  previously  to  observation  it  is  commonly  imagined  that  all 
these  had  remained  from  the  first  in  the  state  in  which  we  now  see 
them, — that  they  were  created  in  their  present  form,  and  in  their  present 
position.  The  geologist  soon  comes  to  a  different  conclusion,  discovering 
proofs  that  the  external  parts  of  the  earth  were  not  all  produced  in  the 
be^nning  of  things,  in  the  state  in  which  we  now  behold  them,  nor  in 
an  instant  of  time.  On  the  contrary,  he  can  show  that  they  have  acquirec* 
their  actual  configuration  and  condition  gradually,  under  a  great  variety 
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of  circumstances,  and  at  successive  periods,  during  each  of  which  distinct 
races  of  living  beings  have  flourislied  on  the  land  and  in  the  waters,  the 
remains  of  these  creatures  still  lying  buried  in  the  crust  of  the  earth. 

By  the  "  earth's  crust,"  is  meant  that  small  portion  of  the  exterior  of 
our  planet  which  is  accessible  to  human  observation,  or  on  which  we  are 
enabled  to  reason  by  observations  made  at  or  near  tlie  surface.  Tliese 
reasonings  may  extend  to  a  depth  of  several  miles,  perhaps  ten  miles ; 
and  even  then  it  may  be  said,  that  such  a  tliickness  is  no  more  than  j^ 
part  of  the  distance  from  the  surface  to  the  centre.  The  remark  is  just : 
but  although  the  dimensions  of  such  a  crust  are,  in  truth,  insignificant 
when  compared  to  the  entire  globe,  yet  they  are  vast,  and  of  magnificent 
extent  in  relation  to  man,  and  to  the  organic  beings  which  people  our 
globe.  Referring  to  this  standard  of  magnitude,  the  geologist  may 
admire  the  ample  limits  of  his  domain,  and  admit,  at  the  same  time, 
that  not  only  the  exterior  of  the  planet,  but  tlie  entire  earth,  is  but  an 
atom  in  the  midst  of  the  countless  worlds  surveyed  by  the  astronomer. 

The  materials  of  this  crust  are  not  thrown  together  confusedly ;  but 
distinct  mineral  masses,  called  rocks,  are  found  to  occupy  definite  spaces, 
and  to  exhibit  a  certain  order  of  arrangement.  The  term  rock  is  applied 
indifferently  by  geologists  to  all  these  substances,  whether  they  be  soft  or 
stony,  for  clay  and  sand  are  included  in  the  term,  and  some  have  even 
brought  peat  under  this  denomination.  Our  older  writers  endeavored 
to  avoid  offering  such  violence  to  our  language,  by  speaking  of  the  com- 
ponent materials  of  the  earth  as  consisting  of  rocks  and  soils.  But  there 
is  often  so  insensible  a  passage  from  a  soft  and  incoherent  state  to  that 
of  stone,  that  geologists  of  all  countries  have  found  it  indispensable  to 
have  one  technical  tenn  to  include  both,  and  in  this  sense  we  find  roche 
applied  in  French,  rocca  in  Italian,  and  felsart  in  German.  The  be^nner, 
.however,  mitst  constantly  bear  in  mind,  that  the  term  rock  by  no  means 
.implies  that  a  mineral  mass  is  in  an  indurated  or  stony  condition. 

The  most  natural  and  convenient  mode  of  classifying  the  various  rocks 
•which  compose  the  earth's  crust,  is  to  refer,  in  the  first  place,  to  their 
•  origin,  and  in  the  second  to  their  relative  age.  I  shall  therefore  begin 
by  endeavoring  briefly  to  explain  to  the  student  how  all  rocks  ruay  be 
divided  into  four  great  cla.sse«  by  reference  to  their  different  origin,  or,  in 
other  words,  by  reference  to  the  different  circumstances  and  causes  by 
which  they  have  been  produced. 

The  first  two  divisions,  which  will  at  once  be  understood  as  natural, 
are  the  aqueous  and  volcanic,  or  the  products  of  watery  and  those  of 
igneous  action  at  or  near  the  surface. 

Aqueous  rocks, — The  aqueous  rocks,  sometimes  called  the  sedimentary, 
or  fossiliferous,  cover  a  larger  part  of  the  earth's  surface  than  any  others. 
These  rocks  are  stratified^  or  divided  into  distinct  layers,  or  strata.  Tlie 
term  stratum  means  simply  a  bed,  or  any  thing  spread  out  or  streuted 
over  a  given  surface  ;  ana  we  infer  that  these  strata  have  been  generally 
spread  out  by  the  action  of  water,  from  what  we  daily  see  taking  place 
near  the  mouthfl  of  rivers,  or  on  the  land  during  temporary  inundations. 
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For,  whenever  a  running  stream  charged  with  mud  or  sand,  has  its  ve- 
locity checked,  as  when  it  enters  a  lake  or  sea,  or  overflows  a  plain,  the 
sediment,  previously  held  in  suspension  by  the  motion  of  the  water 
sinks,  by  its  own  gravity,  to  the  bottom.  In  this  manner  layers  of  mud 
and  sand  are  thrown  down  one  upon  another. 

If  we  drain  a  lake  which  has  been  fed  by  a  small  stream,  we  frequently 
find  at  the  bottom  a  series  of  deposits,  disposed  with  considerable  regu- 
larity, one  above  the  other ;  the  uppermost,  perhaps,  may  be  a  stratum 
of  peat,  next  below  a  more  dense  and  solid  variety  of  the  same  material ; 
still  lower  a  bed  of  shell-marl,  alternating  with  peat  or  sand,  and  then 
other  beds  of  marl,  divided  by  layers  of  clay.  Now,  if  a  second  pit  be 
sunk  through  the  same  continuous  lacustrine /brma^ion,  at  some  distance 
from  the  first,  nearly  the  same  series  of  beds  is  commonly  met  with,  yet 
with  slight  variations  ;  some,  for  example,  of  the  layers  of  sand,  clay,  or 
marl,  may  be  wanting,  one  or  more  of  them  having  thinned  out  and 
given  place  to  others,  or  sometimes  one  of  the  masses  first  examined  is 
obi»erved  to  increase  in  thickness  to  the  exclusion  of  other  bods. 

The  term  ^^ formation ^^  which  I  have  used  in  the  above  explanation, 
expresses  in  geology  any  assemblage  of  rocks  which  have  some  character 
in  common,  whether  of  origin,  age,  or  composition.  Thus  we  speak  of 
stratified  and  unstratified,  freshwater  and  marine,  aqueous  and  volcanic, 
ancient  and  modern,  metalliferous  and  non-metalliferous  formations. 

In  the  estuaries  of  large  rivers,  such  as  the  Ganges  and  the  Mississippi, 
we  may  observe,  at  low  water,  phenomena  analogous  to  those  of  the 
drained  lakes  above  mentioned,  but  on  a  grander  scale,  and  extending 
over  areas  several  hundred  miles  in  length  and  breadth.  When  the  pe- 
riodical inundations  subside,  the  river  hollows  out  a  channel  to  the  depth 
of  many  yards  through  horizontal  l>eds  of  clay  and  sand,  the  ends  of 
which  are  seen  exposed  in  perpendicular  cliffs.  These  beds  vary  in  color, 
and  are  occasionally  characterized  by  containing  drift-wood  or  shells. 
The  shells  may  belong  to  species  peculiar  to  the  river,  but  are  sometimes 
those  of  marine  testacea,  washed  into  the  mouth  of  the  estuary  during 
storms. 

The  annual  floods  of  the  Nile  in  Eg}^t  are  well  known,  and  the  fertile 
deposits  of  mud  which  they  leave  on  the  plains.  This  mud  is  stratified^ 
the  thin  layer  thrown  down  in  one  season  dift'ering  slightly  in  color  from 
that  of  a  previous  year,  and  being  separable  from  it,  as  has  been  observed 
in  excavations  at  Cairo,  and  other  places.* 

When  beds  of  sand,  clay,  and  marl,  cx>ntaining  shells  and  vegetal  le 
matter,  are  found  arranged  in  a  similar  manner  in  the  interior  of  the 
earth,  we  ascribe  to  them  a  similar  origin ;  and  the  more  we  examine 
their  characters  in  minute  detail,  the  more  exact  do  we  find  the  resem- 
blance. Thus,  for  example,  at  various  heights  and  depths  in  the  earth, 
and  often  far  from  seas,  lakes,  and  rivers,  we  meet  with  layers  of  rounded 
pebbles  composed  of  diff*erent  rocks  mingled  together.     They  are  lik* 

•  See  Principle!  of  Geology,  by  the  Author,  Index,  "  Nile."  "  Riveri»"  Ac. 
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the  shingle  of  a  sea-beach,  or  pebbles  formed  in  the  beds  of  torrents  and 
rivers,  which  are  carried  down  into  the  ocean  wherever  these  descend 
from  hi^  grounds  bordering  a  coast.  There  the  gravel  is  spread  out 
by  the  waves  and  currents  over  a  conuderable  space ;  but  during  seasons 
of  drought  the  torrents  and  rivers  are  nearly  dry,  and  have  only  power 
to  convey  fine  sand  or  mud  into  the  sea.  Hence,  alternate  layers  of 
gravel  and  fine  sediment  accumulate  under  water,  and  such  alteraationa 
are  found  by  geologists  in  the  interior  of  every  continent.* 

K  a  stratified  arrangement,  and  the  rounded  forms  of  pebbles,  are 
alone  sufficient  to  lead  us  to  the  conclusion  that  certain  rocks  originated 
under  water,  this  opinion  is  farther  confirmed  by  the  distinct  and  inde- 
pendent evidence  of  fosiih^  so  abundantly  induded  in  the  earth's  crust. 
By  K  fossil  is  meant  any  body,  or  the  traces  of  the  existence  of  any  body, 
whether  animal  or  vegetable,  which  has  been  buried  in  the  earth  by 
natural  causes.  Now  the  remains  of  animals^  especially  of  aquatic 
speeiesy  are  found  almost  everywhere  imbedded  in  stratified  rocks,  and 
sometimes^  in  the  ease  of  limestone,  they  are  in  such  abundance  as  to 
constitute  the  entire  mass  of  the  rock  itself.  Shells  and  corals  are  the 
most  frequent,  and  with  them  are  often  associated  the  bones  and  teeth 
of  fishes,  fragments  of  wood,  impresjaons  of  leaves^  and  other  oiganic 
substances.  Fossil  shells,  of  forms  such  as  now  abound  in  the  sea,, 
are  met  with  far  inland,  both  near  the  sor&ce,  and  at  great  depths  below 
it  They  occur  at  all  heights  above  the  level  of  the  ocean,  having  been 
observed  at  elevations  of  8000  feet  in  tlic  Pyrenees,  10,000  in  the  Alps^ 
13,000  in  the  Andes,  and  above  10,000  feet  in  the  ninialayas.f 

These  shells  belong  mostly  to  marine  testacea,  but  in  some  places  ex- 
clusively to  forms  characteristic  of  lakes  and  rivers.  Hence  it  is  eonduded 
that  some  andent  strata  were  deposited  at  the  bottom  of  the  sea,  and 
others  in  lakes  and  estuaries. 

When  geology  was  first  cultivated,  it  was  a  general  belief  that  these 
marine  shells-  and  other  fossHs  were  the  effects  and  proofe  of  the  deluge 
of  Noah  ;  but  all  who  have  carefully  investigated  the  phenomena  have 
long  rejected  this  doctrine.  A  transient  flood  might  be  supposed  to  leave 
behind  it,  here  and  there  upon  the  surface,  scattered  heaps  of  mod,  sand, 
and  shingle,  with  shells  confusedly  intermixed ;  but  tlie  strata  containing 
fossils  are  not  superficial  deposits,  and  do  not  simply  cover  the  earth,  but 
constitute  the  entire  mass  of  mountains.  Nor  are  Uie  fossils  mingled 
without  reference  to  the  original  habits  and  natures  of  the  creatures  ol 
whidi  they  are  Uie  memorials ;  those,  for  example,  being  found  assod- 
ated  together  which  lived  in  deep  or  in  shallow  water,  near  the  ^ore  or 
fiir  from  it,  in  brackish  or  in  salt  water. 

It  has,  moreover,  been  a  favorite  notion  of  some  modem  writers,  who 
were  aware  that  fossil  bodies  could  not  all  be  referred  to  the  deluge, 
that  they,  and  the  strata  in  whidi  they  are  entombed,  might  have  been 
deposited  in  the  bed  of  the  ocean  during  tlie  period  which  intervened 

*  See  p.  18t  "li  S«e  Gcogvaph.  Joura.  vd.  iv.  p.  64 
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between  tke  creation  of  man  and  the  deluge.  They  have  imagined 
that  the  antediluvian  bed  of  the  ocean,  after  having  been  the  receptacle 
of  many  stratified  deposits,  became  converted,  at  the  time  of  the  flood, 
into  the  lands  which  we  inhabit,  and  that  the  ancient  continents  were  at 
the  same  time  submerged,  and  became  the  bed  of  the  present  sea. 
This  hypothesis,  although  preferable  to  the  diluvial  theory  before  alluded 
to,  since  it  admits  that  all  fossiliferous  strata  were  successively  thrown 
down  firom  water,  is  yet  wholly  inadequate  to  explain  the  repeated  revo- 
lutions which  the  earth  has  undergone,  and  the  signs  which  the  existing 
continents  exhibit,  in  most  regions,  of  having  emerged  from  the  ocean  at 
an  era  far  more  remote  than  four  thousand  years  from  the  present  time. 
Ample  proofs  of  these  reiterated  revolutions  will  be  given  in  the  sequel, 
and  it  will  be  seen  that  many  distinct  sets  of  sedimentary  strata,  each 
several  hundreds  or  thousands  of  feet  thick,  are  piled  one  upon  the  other 
in  the  earth's  crust,  each  containing  peculiar  fossil  animals  and  plants 
which  are  distinguishable  with  few  exceptions  from  species  now  living. 
Hie  mass  of  some  of  these  strata  consists  almost  entirely  of  corals,  others 
are  made  up  of  shells,  others  of  plants  turned  into  coal,  while  some  are 
without  fossils.  In  one  set  of  strata  the  species  of  fossils  are  marine ; 
in  another,  lying  immediately  above  or  below,  they  as  clearly  prove 
that  the  deposit  was  formed  in  a  brackish  estuary  or  lake.  When  the 
student  has  more  fiilly  examined  into  these  appearances,  he  will  become 
convinced  that  the  time  required  for  the  origin  of  the  rocks  composing 
the  actual  continents  must  have  been  far  greater  than  tliat  which  is  con- 
ceded by  the  theory  above  alluded  to ;  and  likewise  that  no  one 
universal  and  sudden  conversion  of  sea  into  land  will  account  for  geo- 
logical appearances. 

We  have  now  pointed  out  one  great  class  of  rocks,  which,  however 
they  may  vary  in  mineral  composition,  color,  grain,  or  other  characters, 
external  and  internal,  may  nevertheless  be  grouped  together  as  having  a 
common  origin.  They  have  all  been  formed  under  water,  in  the  same 
manner  as  modem  accumulations  of  sand,  mud,  shingle,  banks  of  shells, 
reefe  of  coral,  and  the  like,  and  are  all  characterized  by  stratification  or 
fMsils,  or  by  both. 

Volcanic  rocks, — ^The  division  of  rocks  which  we  may  next  consider 
are  the  volcanic,  or  those  which  have  been  produced  at  or  near  the  sur- 
&ce  whether  in  ancient  or  modem  times,  not  hy  water,  but  by  the  action 
of  fire  or  subterranean  heat.  These  rocks  are  for  the  most  part  unstrat- 
ified,  and  are  devoid  of  fossils.  They  are  more  partially  distributed  than 
aqueous  formations,  at  least  in  respect  to  horizontal  extension.  Among 
those  parts  of  Europe  where  they  exhibit  characters  not  to  be  mistaken, 
I  may  mention  not  only  Sicily  and  the  country  round  Naples,  but  Au- 
vergne,  Velay,  and  Vivarais,  now  the  departments  of  Puy  de  Dome, 
Haute  Loire,  and  Ard^che,  towards  the  centre  and  south  of  France,  in 
which  are  several  hundred  conical  hills  having  the  forms  of  modem  vol- 
canoes, with  craters  more  or  less  perfect  on  many  of  their  summits.  These 
cones  are  composed  moreover  of  lava,  sand,  and  ashes,  similar  to  those 
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of  active  volcanoes.  Streams  of  lava  may  sometimes  be  traced  from  the 
cones  into  the  adjoining  valleys,  where  they  have  choked  up  the  ancient 
channels  of  rivers  with  solid  rock,  in  the  same  manner  as  some  modem 
flows  of  lava  in  Iceland  have  been  known  to  do,  the  rivers  either  flowing 
beneath  or  cutting  out  a  narrow  passage  on  one  side  of  the  lava.  Al- 
though none  of  these  French  volcanoes  have  been  in  activity  within  the 
period  of  history  or  tradition,  their  forms  are  often  very  perfect.  Some, 
however,  have  been  compared  to  the  mere  skeletons  of  volcanoes,  the 
rains  and  torrents  having  washed  their  sides,  and  removed  all  the  loose 
sand  and  scoriae,  leaving  only  the  harder  and  more  solid  materials.  By 
this  erosion,  and  by  earthquakes,  their  internal  structure  has  occasionally 
been  laid  open  to  view,  in  fissures  and  ravines ;  and  we  then  behold  not 
only  many  successive  beds  and  masses  of  porous  lava,  sand,  and  scoriae, 
but  also  perpendicular  walls,  or  dikes,  as  they  are  called,  of  yolcanic 
rock,  which  have  burst  through  the  other  materials.  Such  dikes  are 
also  observed  in  the  structure  of  Vesuvius,  Etna,  and  other  active 
volcanoes.  They  have  been  formed  by  the  pouring  of  melted  matter, 
whether  from  above  or  below,  into  open  fissures,  and  they  commonly 
traverse  deposits  of  volcanic  tuff,  a  substance  produced  by  the  show- 
ering down  from  the  air,  or  incumbent  waters,  of  sand  and  cinders, 
first  shot  up  from  the  interior  of  the  earth  by  the  explosions  of  volcanic 
gases. 

Besides  the  parts  of  France  above  alluded  to,  there  are  other  countries^ 
as  the  north  of  Spain,  the  south  of  Sicily,  the  Tuscan  territory  of  Italy, 
the  lower  Rhenish  provinces,  and  Hungary,  where  spent  volcanoes  may 
be  seen,  still  preserving  in  many  cases  a  conical  form,  and  having  craters 
and  often  lava-streams  connected  with  them. 

There  are  also  other  rocks  in  England,  Scotland,  Ireland,  and  almost 
every  country  in  Europe,  which  we  infer  to  be  of  igneous  origin,  although 
they  do  not  form  hills  with  cones  and  craters.  Thus,  for  example,  we 
feel  assure<l  that  the  rock  of  Staffa,  and  that  of  the  Giants*  Causeway, 
called  basalt,  is  volcanic,  because  it  agrees  in  its  columnar  structure  and 
mineral  composition  with  streams  of  lava  which  we  know  to  have  flowed 
from  the  craters  of  volcanoes.  We  find  also  similar  basaltic  and  other 
igneous  rocks  associated  with  beds  of  tuff  in  various  parts  of  the  British 
Isles,  and  forming  dikes,  such  as  have  been  spoken  of ;  and  some  of  the 
strata  through  which  tliese  dikes  cut  are  occasionally  altered  at  the 
point  of  contiict,  as  if  they  had  been  exposed  to  the  intense  heat  of 
melted  matter. 

The  absence  of  cones  and  craters,  and  long  narrow  streams  of  super- 
ficial lava,  in  England  and  many  other  countries,  is  principally  to  be 
attributed  to  Uie  eruptions  having  been  submarine,  just  as  a  considerable 
proportion  of  volcanoes  in  our  own  times  burst  out  beneath  the  sea. 
But  this  question  must  be  enlarged  upon  more  fiilly  in  the  chapters  on 
Igneous  Rocks,  in  which  it  will  also  be  shown,  that  as  diflerent  sedi- 
mentary formations,  containing  each  their  characteristic  fossils,  have 
been  deposited  at  suocessive  periods,  so  also  volcanic  sand  and  scorije 
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hare  been  thrown  out,  and  lavas  have  tiowed  over  the  land  or  bed  of  the 
sea,  at  niany  different  epochs,  or  have  been  injected  into  fissures ;  so  that 
the  igneous  as  well  as  the  aqueous  rocks  may  be  classed  as  a  chronologi- 
cal series  of  monuments,  throwing  light  on  a  succession  of  events  in  Uie 
history  of  the  earth. 

Plutonic  rocks  (Granite,  ifec). — We  have  now  pointed  out  the  exist- 
ence of  two  distinct  orders  of  mineral  masses,  the  aqueous  and  the 
volcanic :  but  if  we  examine  a  large  portion  of  a  continent,  especially  if 
it  contain  within  it  a  lofty  mountain  range,  we  rarely  fail  to  discover 
two  other  classes  of  rocks,  very  distinct  from  either  of  those  above 
alluded  to,  and  which  we  can  neither  assimilate  to  deposits  such  as 
are  now  accumulated  in  lakes  or  seas,  nor  to  those  generated  by 
ordinary  volcanic  action.  The  members  of  both  these  divisions  of 
rocks  agree  in  being  highly  crystalline  and  destitute  of  oiganic  remains. 
The  rocks  of  one  division  have  been  called  plutonic,  comprehending 
all  the  granites  and  certain  porphyries,  which  are  nearly  allied  in 
some  of  their  characters  to  volcanic  formations.  The  members  of  the 
other  class  are  stratified  and  often  slaty,  and  have  been  called  by 
some  the  crystalline  schists,  in  which  group  are  included  gneiss, 
micaoeous-schist  (or  mica-slate),  hornblende-schist,  statuary  marble, 
the  finer  kinds  of  roofing  slate,  and  other  rocks  afterwards  to  be 
described. 

As  it  is  admitted  diat  nothing  strictly  analogous  to  these  crystalline 
productions  can  now  be  seen  in  the  progress  of  formation  on  the  earth's 
surface,  it  will  naturally  be  asked,  on  what  data  we  can  find  a  place  for 
them  in  a  system  of  classification  founded  on  the  origin  of  rocks.  I 
cannot,  in  reply  to  this  question,  pretend  to  give  the  student,  in  a  few 
w^ords,  an  intelligible  account  of  the  long  chain  of  facts  and  reasonings 
by  which  geologists  have  been  led  to  infer  the  analogy  of  the  rocks  in 
question  to  others  now  in  progress  at  the  surface.  The  result,  however, 
may  be  briefly  stated.  All  the  various  kinds  of  granite,  which  consti- 
tute the  plutonic  family,  are  supposed  to  be  of  igneous  origin,  but  to 
have  been  formed  under  great  pressure,  at  considerable  depths  in  the 
earth,  •  or  sometimes,  perhaps,  under  a  certain  weight  of  incumbent 
water.  Like  the  lava  of  volcanoes,  they  have  been  melted,  and  have 
afterwards  cooled  and  crystallized,  but  with  extreme  slowness,  and  under 
conditions  very  different  from  those  of  bodies  cooling  in  the  open  air. 
Hence  they  differ  from  the  volcanic  rocks,  not  only  by  their  more  crjrs- 
talline  texture,  but  also  by  the  absence  of  tuffs  and  breccias,  which  are 
the  products  of  eruptions  at  the  earth's  surface,  or  beneath  seas  of 
inconsiderable  depth.  They  differ  also  by  the  absence  of  pores  or  cel- 
lular cavities,  to  which  the  expansion  of  the  entangled  gases  gives  rise 
in  ordinary  lava. 

Although  granite  has  often  pierced  through  other  strata,  it  has  rarely, 
if  ever,  been  observed  to  rest  upon  them,  as  if  it  had  overflowed.  But 
as  this  is  continually  the  case  with  the  volcanic  rocks,  they  have 
lieen   styled,  from   this   peculiaritv,  *'  overlying"  by  Dr.  MacCuUoch ; 
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and  Mr.  Necker  has  proposed  the  term  ^  underlying"  for  the  granitet, 
to  designate  the  opposite  mode  in  which  they  abnost  invariaUy  present 
themselves. 

Metamorphic,  or  stratified  crystalline  rocks. — ^The  fourth  and  last 
great  division  of  rocks  are  the  crystalline  strata  and  slates,  or  schists, 
caUed  gneiss,  mica-schist,  day-slate,  chlorite-schiBt,  marble,  and  the  like, 
the  origin  of  which  is  more  doubtful  than  that  of  the  other  three 
classes.  They  contain  no  pebbles,  or  sand,  or  soorias,  or  angular  pieces 
of  imbedded  stone,  and  no  traces  of  organic  bodies,  and  they  are  often 
as  crystalline  as  granite,  yet  are  divided  into  beds,  corresponding  in 
form  and  arrangement  to  those  of  sedimentary  formations,  and  are 
therefore  said  to  be  stratified.  The  beds  sometimes  consist  of  an  alter- 
nation of  substances  varying  in  color,  composition,  and  thickness,  pre- 
cisely as  we  see  in  stratified  fossiliferous  deposits.  According  to  the 
Huttonian  theory,  which  I  adopt  as  most  probable,  and  which  will  be 
afterwards  more  fully  explained,  the  materials  of  these  strata  were 
originally  deposited  from  water  in  the  usual  form  of  sediment,  but  they 
were  subsequently  so  altered  by  subterranean  heat,  as  to  assume  a  new 
texture.  It  is  demonstrable,  in  some  cases  at  least,  that  such  a  complete 
conversion  has  actually  taken  place,  fossiliferous  strata  having  exchanged 
an  earthy  for  a  highly  crystalline  texture  for  a  distance  of  a  quarter  of  a 
mile  from  their  contact  with  granite.  In  some  cases,  dark  limestones 
replete  with  shells  and  corals,  have  been  turned  into  white  statuary 
marble,  and  hard  clays  into  slates  called  mica-schist  and  hornblende- 
schist,  all  signs  of  organic  bodies  having  been  obliterated. 

Altliough  we  are  in  a  great  degree  ignorant  of  the  precise  nature  of 
the  influence  exerted  in  these  cases,  yet  it  evidently  bears  some  analogy 
to  that  which  volcanic  heat  and  gases  are  known  to  produce ;  and  the 
action  may  be  conveniently  called  plutonic,  because  it  appears  to  have 
been  developed  in  those  regions  where  plutonic  rocks  are  generated,  and 
under  similar  circumstances  of  pressure  and  depth  in  the  earth.  Whether 
hot  water  or  steam  permeating  stratified  masses,  or  electricity,  or  any 
other  causes  have  cooperated  to  produce  the  crystalline  texture,  may  be 
matter  of  speculation,  but  it  is  clear  that  the  plutonic  influence  has 
sometimes  pervaded  entire  mountain  masses  of  strata. 

In  accordance  with  the  hypothesis  above  alluded  to,  I  proposed  in  the 
first  edition  of  the  Principles  of  Geology  (1833),  the  term  "  Metamor- 
phic"  for  the  altered  strata,  a  term  derived  from  fxera,  meta,  trans,  and 
|xop9ii,  morphe,  forma. 

Hence  there  are  four  great  classes  of  rocks  considered  in  reference  to 
their  origin, — ^the  aqueous,  the  volcanic,  the  plutonic,  and  the  metamor- 
phic  In  the  course  of  this  work  it  will  be  shown,  that  portions  of  each 
of  these  four  distinct  classes  have  originated  at  many  successive  periods. 
They  have  all  been  produced  contemporaneously,  and  may  even  now  be 
in  the  progress  of  formation.  It  is  not  true,  as  was  formerly  supposed, 
that  all  granites,  together  with  the  crystalline  or  metamorphic  strata, 
'  were  first  formed,  and  therefore  entitled  to  be  called  ^  primitive,^  and 
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thai  the  aqueous  and  Yolcanic  rocks  were  afterwards  superimposed,  and 
should,  therefore,  rank  as  secondaiy  in  the  order  of  time.  This  idea 
was  adopted  in  the  in&ncy  of  the  science,  when  all  formations,  whether 
stratified  or  unstratified,  earthy  or  crystalline,  with  or  without  fossils, 
were  alike  regarded  as  of  aqueous  origin.  At  that  period  it  was  natu- 
rally argued,  that  the  foundation  must  be  older  than  the  superstructure ; 
bat  it  was  afterwards  discovered,  that  this  opinion  was  by  no  means  in 
eirery  instance  a  legitimate  deduction  from  fkcts  ;  for  the  inferior  parts 
of  the  earth's  crust  have  often  been  modified,  and  even  entirely  changed, 
by  the  influence  of  volcanic  and  other  subterranean  causes,  while  super- 
imposed formations  have  not  been  in  the  slightest  degree  altered.  In 
other  words,  the  destroying  and  renovating  processes  have  given  birth 
to  new  rocks  below,  while  those  above,  whether  crystalline  or  fossilif- 
erous,  have  remained  in  their  ancient  condition.  Even  in  cities,  such  as 
Venice  and  Amsterdam,  it  cannot  be  laid  down  as  universally  true,  that 
the  upper  parts  of  each  edifice,  whether  of  brick  or  marble,  are  more 
modem  than  the  foundations  on  which  they  rest,  for  these  often  consist 
of  wooden  piles,  which  may  have  rotted  and  been  replaced  one  after 
the  other,  without  the  least  injury  to  the  buildings  above ;  meanwhile, 
these  may  have  required  scarcely  any  repair,  and  may  have  been  con- 
stantly inhabited.  So  it  is  with  tlie  habitable  surface  of  our  globe,  in 
its  relation  to  large  masses  of  rock  immediately  below  :  it  may  continue 
the  same  for  ages,  while  subjacent  materials,  at  a  great  depth,  are  passing 
from  a  solid  to  a  fluid  state,  and  then  reconsolidating,  so  as  to  acquire  a 
new  texture. 

As  all  the  crystalline  rocks  may,  in  some  respects,  be  viewed  as  be- 
longing to  one  great  family,  whether  they  be  stratified  or  unstratified, 
j^utonic  or  metamorphic,  it  will  often  be  convenient  to  speak  of  them  by 
one  common  name.  It  being  now  ascertained,  as  above  stated,  that 
they  are  of  very  different  ages,  sometimes  newer  than  the  strata  called 
secondary,  the  term  primary,  which  was  formerly  used  for  the  whole, 
most  be  abandoned,  as  it  would  imply  a  manifest  contradiction.  It  is 
indispensable,  therefore,  to  find  a  new  name,  one  which  must  not  be  of 
chronological  import,  and  must  express,  on  the  one  hand,  some  peculiar- 
ity equally  attributable  to  granite  and  gneiss  (to  the  plutonic  as  well  as 
the  altered  rocks),  and,  on  the  other,  must  have  reference  to  characters 
in  which  those  rocks  difier,  both  from  the  volcanic  and  from  the  unal- 
Ured  sedimentary  strata.  I  proposed  in  the  Principles  of  Geology  (first 
edition,  vol.  iii.),  the  term  **  hypogene"  for  this  purpose,  derived  from 
6««,  under,  and  /ivofjuxi,  to  be,  or  to  be  bom;  a  word  impl3dng  the 
theory  that  granite,  gneiss,  and  the  other  crystalline  formations  are  alike 
nether-farmed  rocks,  or  rocks  which  have  not  assumed  their  present 
fi>nn  and  structure  at  the  surface.  This  occurs  in  the  lowest  place  in 
the  order  of  superposition.  Even  in  regions  such  as  the  Alps,  where 
some  masses  of  granite  and  gneiss  can  be  shown  to  be  of  comparatively 
modem  date,  belonging,  for  example,  to  the  period  hereafter  to  be 
as  tertiary,  they  are  still  underlying  rocks.    They  never  repose 
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on  the  volcanic  or  trappean  formations,  nor  on  strata  containing  organic 
remains.    They  are  hypogene^  as  "  being  under"  all  the  rest 

From  what  has  now  been  said,  the  reader  will  widerstand  that  each 
of  the  four  great  classes  of  rocks  may  be  studied  imder  two  distinct 
points  of  view  ;  first,  they  may  be  studied  simply  as  mineral  masses  de- 
riving their  origin  from  particular  causes,  and  having  a  certain  composi- 
tion, form,  and  position  in  the  earth's  crust,  or  other  characters  both 
positive  and  negative,  such  as  the  presence  or  absence  of  organic  re- 
mains. In  the  second  place,  the  rocks  of  each  class  may  be  viewed  as 
a  grand  chronological  series  of  monuments,  attesting  a  succession  of 
events  in  the  former  history  of  the  globe  and  its  Uving  inhabitants. 

I  shall  accordingly  proceed  to  treat  of  each  family  of  rocks ;  first,  in 
reference  to  those  characters  which  are  not  chronological,  and  then  in 
particular  relation  to  the  several  periods  when  they  were  formed. 


CHAPTER  n. 

AQUEOUS    ROCKS — THEIR    COMPOSITION    AND    FORMS    OF    STRATIFl 

CATION. 

Mineral  composition  of  strata — Arenaceous  rocks — Argillaceoas — Calcareous-^ 
Gypsum — Forms  of  stratification — Original  horizontallty — ^Thinning  out — Diag- 
onal arrangement — Ripple  mark. 

In  pursuance  of  tlie  arrangement  explained  in  the  last  chapter,  we  shall 
begin  by  examining  the  aqueous  or  sedimentary  rocks,  which  are  for 
the  most  part  distinctly  stratified,  and  contain  fossils.  We  may  first 
study  them  with  reference  to  their  mineral  composition,  external  appear- 
ance, position,  mode  of  origin,  organic  contents,  and  other  characters 
which  belong  to  them  as  aqueous  formations,  independently  of  tlieir  age, 
and  we  may  afterwards  consider  them  chronologically  or  with  reference 
to  the  successive  geological  periods  when  tliey  originated. 

I  have  already  given  an  outline  of  the  data  which  led  to  the  belief 
that  the  stratified  and  fossiliferous  rocks  were  originally  deposited  imdei 
water ;  but,  before  entering  into  a  more  detailed  investigation,  it  ¥nll  be 
desirable  to  say  something  of  the  ordinary  materials  of  which  sudi 
strata  are  composed.  These  may  be  said  to  belong  principally  to  tliree 
divisions,  the  arenaceous,  the  argillaceous,  and  the  calcareous,  which  are 
formed  respectively  of  sand,  clay,  and  carbonate  of  lime.  Of  these,  the 
arenaceous,  or  sandy  masses,  are  chiefly  made  up  of  siliceous  or  flinty 
grains ;  the  argillaceous,  or  clayey,  of  a  mixture  of  sihceous  matter, 
with  a  certain  proportion,  about  a  fourtli  in  weight,  of  aluminous  earth ; 
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and,  lastly,  the  calcareous  rocks  or  limestones  consist  of  carbonic  aciJ 
and  lime. 

Arenaceous  or  siliceous  rocks, — To  speak  first  of  the  sandy  division  : 
beds  of  loose  sand  are  frequently  met  with,  of  which  the  grains  consist 
entirely  of  silex,  which  term  comprehends  all  purely  siliceous  minerals, 
as  quartz  and  common  flint  Quartz  is  silex  in  its  purest  form ;  flint 
usually  contains  some  admixture  of  aluniine  and  oxide  of  iron.  The 
siliceous  grains  in  sand  are  usually  rounded,  as  if  by  the  action  of  running 
water.  Sandstone  is  an  aggregate  of  such  grains,  which  often  cohere  to^ 
gether  witliout  any  visible  cement,  but  more  commonly  are  bound  togetlier 
by  a  slight  quantity  of  sihceous  or  calcareous  matter,  or  by  iron  or  clay. 

Pure  siliceous  rocks  may  be  known  by  not  effervescing  when  a  drop 
of  nitric,  sulphuric,  or  other  acid  is  applied  to  them,  or  by  the  grains 
not  being  readily  scratched  or  broken  by  ordinary  pressure.  In  nature 
there  is  every  intermediate  gradation,  from  perfectly  loose  sand,  to  the 
hardest  sandstone.  In  micaceous  sandstones  mica  is  very  abundant ; 
and  the  thin  silvery  plates  into  which  that  mineral  divides,  are  often  ar- 
ranged in  layers  parallel  to  the  planes  of  stratification,  giving  a  slaty  or 
laminated  texture  to  the  rock. 

When  sandstone  is  coarse-grained,  it  is  usually  called  grit.  If  the 
grains  are  rounded,  and  large  enough  to  be  called  pebbles,  it  becomes  a 
conglomerate^  or  pudding-stone^  which  may  consist  of  pieces  of  one  or  of 
many  different  kinds  of  rock.  A  conglomerate,  therefore,  is  simply 
gravel  bound  together  by  a  cement. 

Argillaceous  rocks, — Clay,  strictly  speaking,  is  a  mixture  of  silex  or 
flint  with  a  large  proportion,  usually  about  one-fourth,  of  alumine,  or 
argil ;  but,  in  common  language,  any  earth  which  possesses  sufficient 
ductility,  when  kneaded  up  with  water,  to  be  fashioned  like  paste  by 
the  hand,  or  by  the  potter's  lathe,  is  called  a  clay  ;  and  such  clays  vary 
greatly  in  their  composition,  and  are,  in  general,  nothing  more  tlian  mud 
derived  from  the  decomposition  or  wearing  down  of  various  rocks.  The 
purest  clay  found  in  nature  is  porcelain  clay,  or  kaolin,  which  results 
from  the  decomposition  of  a  rock  composed  of  felspar  and  quartz,  and  it 
is  almost  always  mixed  with  quartz.*  Shale  has  also  the  property,  like 
clay,  of  becoming  plastic  in  water  :  it  is  a  more  solid  form  of  clay,  or 
argillaceous  matter,  condensed  by  pressure.  It  usually  divides  into  ii^ 
KSrular  lamina. 

One  general  character  of  all  argillaceous  rocks  is  to  give  out  a  pe- 
culiar, earthy  odor  when  breathed  upon,  which  is  a  test  of  the  presence 
of  alumine,  although  it  does  not  belong  to  pure  alumine,  but,  apparently, 
to  the  combination  of  that  substance  with  oxide  of  iron.f 

*  The  kaolin  of  Chiim  consista  of  71*16  parts  of  silex,  15*86  of  alumine,  1*92  of 
lime,  and  6  73  of  water  (W.  Phillips,  Minoralogy,  p.  33) ;  but  other  porcelain  clays 
differ  materially,  that  of  Cornwall  being  comptised,  according  to  Boase,  of  nearly 
equal  parts  of  silica  and  alumine,  with  1  per  cent  of  magnesia.  (PhiL  Mag.  vol 
X  1887.) 

t  Sec  W.  PhUlips's  Mineralogy,  «  Alumine." 
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Calcareous  rochs4 — ^This  division  comprehends  those  rocks  which,  like 
chalk,  are  composed  chiefly  of  lime  and  carbonic  acid.  Shells  and 
corals  are  also  formed  of  the  same  elements,  with  the  addition  of  animal 
matter.  To  obtain  pure  lime  it  is  necessary  to  calcine  these  calcareous 
substances,  that  is  to  say,  to  expose  them  to  heat  of  sufficient  intensity 
to  drive  off  the  carbonic  acid,  and  other  volatile  matter,  without  vitrify- 
ing or  melting  the  lime  itself.  White  chalk  is  often  pure  carbonate  of 
lime ;  and  this  rock,  although  usually  in  a  soft  and  earthy  state,  is  some- 
.times  sufficiently  solid  to  be  used  for  building,  and  even  passes  into  a 
compact  stone,  or  a  stone  of  which  the  separate  parts  are  so  minute  as 
not  to  be  distinguishable  from  each  other  by  the  naked  eye. 

Many  limestones  are  made  up  entirely  of  minute  fragments  of  shells 
and  coral,  or  of  calcareous  sand  cemented  together.  These  last  might 
be  called  "  calcareous  sandstones  ;"  but  that  term  is  more  properly  ap- 
plied to  a  rock  in  which  the  grains  are  partly  calcareous  and  partly  sili- 
ceous, or  to  quartzose  sandstones,  having  a  cement  of  carbonate  of  lime. 

The  variety  of  limestone  called  "  oolite"  is  composed  of  numerous 
small  egg-like  grains,  resembling  the  roe  of  a  fish,  each  of  which  has 
usually  a  small  fragment  of  sand  as  a  nucleus,  around  which  concentric 
layers  of  calcareous  matter  have  accumulated. 

Any  limestone  which  is  sufficiently  hard  to  take  a  fine  polish  is  called 
marhU,  Many  of  these  are  fossiliferous ;  but  statuary  marble,  which  is 
also  called  saccharine  limestone,  as  having  a  texture  resembling  that  of 
loaf-sugar,  is  devoid  of  fossils,  and  is  in  many  cases  a  member  of  the 
metamorpbic  series. 

Siliceous  limestone  is  an  intimate  mixture  of  carbonate  of  lime  and 
ffint,  and  is  harder  in  proportion  as  the  flinty  matter  ]  redominates. 

The  presence  of  carbonate  of  lime  in  a  rock  may  be  ascertained  by 
applying  to  the  surface  a  small  drop  of  diluted  sulphuric,  nitric,  or  mu- 
riatic acids,  or  strong  vinegar ;  for  the  lime,  having  a  greater  chemical 
affinity  for  any  one  of  these  acids  than  for  the  carbonic,  unites  imme- 
diately with  them  to  form  new  compounds,  thereby  becoming  a  sulphate, 
nitrate,  or  muriate  of  lime.  The  carbonic  acid,  when  thus  liberated 
from  its  union  with  the  lime^  escapes  in  a  gaseous  form,  and  froths  up 
or  effervesces  as  it  makes  its  way  in  small  bubbles  through  the  drop  ot 
liquid.  This  effervescence  is  brisk  or  feeble  in  proportion  as  the  lime- 
stone is  pure  or  impure,  or,  in  other  words,  according  to  the  quantity  of 
foreign  matter  mixed  with  the  carbonate  of  lime.  Without  the  aid  ot 
this  test,  the  most  experienced  eye  cannot  always  detect  the  presence  of 
carbonate  of  Kme  in  rocks. 

The  above-mentioned  three  classes  of  rocks,  the  siliceous,  argillaceous, 
and  calcareous,  pass  continually  into  each  other,  and  rarely  occur  in  a 
perfectly  separate  and  pure  form.  Thus  it  is  an  exception  to  the  general 
rule  to  meet  with  a  limestone  as  pure  as  ordinary  white  chalk,  or  with 
•day  as  aluminous  as  that  used  in  Cornwall  for  porcelain,  or  with 
sand  so  entirely  composed  of  siliceous  grains  as  the  white  sand  of  Alum 
Bay  in  the  Isle  of  Wight,  or  sandstone  so  pure  as  the  grit  of  Fontaine- 
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bkau,  used  for  pavement  in  France.  More  commonly  we  find  sand  and 
day,  or  day  and  marl,  intermixed  in  tne  same  mass.  When  the  sand 
and  day  are  eadi  in  considerable  quantity,  the  mixture  is  called  loam. 
If  there  is  much  calcareous  matter  in  clay  it  is  called  marl ;  but  this 
term  has  imfortunately  been  used  so  vaguely,  as  often  to  be  very  ambig- 
uous. It  has  been  applied  to  substances  in  which  there  is  no  lime ;  as, 
to  that  red  loam  usually  called  red  marl  in  certain  parts  of  £ngland. 
Agriculturists  were  in  the  habit  of  calling  any  soil  a  marl,  which,  like 
true  marl,  fell  to  pieces  readily  on  exposure  to  the  air.  Hence  arose  the 
confusion  of  using  this  name  for  soils  which,  consisting  of  loam,  were 
easily  worked  with  the  jdough,  though  devoid  of  lime. 

Marl  slate  bears  the  same  relation  to  marl  which  shale  bears  to  day, 
being  a  calcareous  shale.  It  is  very  abundant  in  some  countries,  as  in 
the  Swiss  Alps.  Aigillaceous  or  marly  limestone  is  also  of  common  oo- 
currence. 

There  are  few  other  kinds  of  rock  which  enter  so  laigely  into  the 
composition  of  sedimentary  strata  as  to  make  it  necessary  to  dwell  here 
on  their  characters.  I  may,  however,  mention  two  others, — ^magnesian 
limestone  or  dolomite,  and  gypsum.  Magnesian  limestone  is  composed 
of  carbonate  of  lime  and  carbonate  of  magnesia  ;  the  proportion  of  the 
latter  amounting  in  some  cases  to  nearly  one-half.  It  effervesces  much 
more  slowly  and  feebly  with  acids  than  common  limestone.  In  England 
this  rock  is  generally  of  a  yellowish  color ;  but  it  varies  greatly  in  min- 
eralogical  character,  passing  from  an  earthy  state  to  a  white  compact 
stone  of  great  hardness.  Dolomite,  so  common  in  many  parts  of  Ger- 
many and  France,  is  also  a  variety  of  magnesian  limestone,  usually  of  a 
granule'  texture. 

C^ypsum, — Gypsum  is  a  rock  composed  of  sulphuric  add,  lime,  and 
water.  It  is  usually  a  soft  whitish-yellow  rock,  with  a  textiu^  resembling 
that  of  loaf-«ugar,  but  sometimes  it  is  entirely  composed  of  lenticular 
crystals.  It  is  insoluble  in  adds,  and  does  not  effervesce  like  chalk  and 
dolomite,  because  it  does  not  contain  carbonic  acid  gas,  or  fixed  air,  the 
lime  being  already  combined  with  sulphuric  acid,  for  which  it  has  a 
stronger  affinity  than  for  any  other.  Anhydrous  gypsum  is  a  rare  vari- 
ety, into  which  water  does  not  enter  as  a  component  part.  Gypseous 
marl  is  a  mixture  of  gypsum  and  marl.  Alabaster  is  a  granular  and 
compact  variety  of  gypsum  found  in  masses  large  enough  to  be  used  in 
sculpture  and  architecture.  It  is  sometimes  a  pure  snow-white  substance, 
as  that  of  Volterra  in  Tuscany,  well  known  as  being  carved  for  works  of 
art  in  Florence  and  Leghorn.  It  is  a  softer  stone  than  marble,  and  more 
easily  wrought 

Forms  of  stratification, — ^A  series  of  strata  sometimes  consists  of  one 
of  the  above  rocks,  sometimes  of  two  or  more  in  alternating  beds. 
ThuSy  in  the  coal  districts  of  England,  for  example,  we  often  pass  Uirough 
several  beds  of  sandstone,  some  of  finer,  others  of  coarser  grain,  some 
white,  others  of  a  dark  color,  and  below  these,  layers  of  shale  and  sand 
stone  or  beds  of  shale,  divisible  into  leaf-like  laminae,  and  containing 
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beautiful  impressions  of  ])lantjs.  Then  again  we  meet  with  beds  of  pure 
and  impure  coal,  alternating  with  shales  and  sandstones,  and  underneath 
the  whole,  perhaps,  are  calcareous  strata,  or  beds  of  limestone,  filled  with 
corals  and  marine  shells,  each  bed  distinguishable  from  another  by  cer- 
tain fossils,  or  by  the  abundance  of  particular  species  of  shells  or 
zooph)rte8. 

This  alternation  of  diiferent  kinds  of  rock  produces  the  most  distinct 
stratification ;  ^nd  we  often  find  beds  of  limestone  and  marl,  conglom- 
erate and  sandstone,  sand  and  clay,  recurring  again  and  again,  in  nearly 
regular  order,  throughout  a  series  of  many  hundred  strata.  The  causes 
which  may  produce  these  phenomena  are  various,  and  have  been  fully 
discussed  in  ray  treatise  on  the  modern  changes  of  tlie  earth's  surface.* 
It  is  there  seen  that  rivers  flowing  into  lakes  and  seas  are  charged  with 
sediment,  varying  in  quantity,  composition,  color,  and  grain,  according  to 
the  seasons ;  the  waters  are  sometimes  flooded  and  rapid,  at  other  periods 
low  and  feeble ;  diflferent  tributaries,  also,  draining  peculiar  countries  and 
soils,  and  therefore  charged  with  peculiar  sediment,  are  swollen  at  distinct 
periods.  It  was  also  shown  that  the  waves  of  the  sea  and  currents  un- 
dermine the  cliffs  during  wintry  storms,  and  sweep  away  the  materials 
into  the  deep,  after  which  a  season  of  tranquillity  succeeds,  when  nothing 
but  the  finest  mud  is  spread  by  the  movements  of  the  ocean  over  the 
same  submarine  area. 

It  is  not  the  object  of  the  present  work  to  give  a  description  of  these 
operations,  repeated  as  they  are,  year  after  year,  and  century  after  cen- 
tury ;  but  I  may  suggest  an  explanation  of  the  manner  in  which  some 
micaceous  sandstones  have  originated,  those  in  which  we  see  innumera- 
ble thin  layers  of  mica  dividing  layers  of  fine  quartzose  sand.  I  observed 
the  same  arrangement  of  materials  in  recent  mud  deposited  in  the  estu- 
ary of  La  Roche  St.  Bernard  in  Brittany,  at  the  moutli  of  the  Loire. 
The  surrounding  rooks  are  of  gneiss,  which,  by  its  waste,  supplies  the 
mud  :  when  this  dries  at  low  water,  it  is  found  to  consist  of  brown  lami- 
nated clay,  divided  by  thin  seams  of  mica.  The  separation  of  the  mica 
in  this  case,  or  in  that  of  micaceous  sandstones,  may  be  thus  understood. 
If  we  take  a  handful  of  quartzose  sand,  mixed  with  mica,  and  throw  it 
into  a  clear  running  stream,  we  see  the  materials  immediately  sorted  by 
the  water,  the  grains  of  quartz  falling  almost  directly  to  the  bottom, 
while  the  plates  of  mica  take  a  much  longer  time  to  reach  the  bottom, 
and  are  carried  farther  down  the  stream.  At  the  first  instant  the  water 
is  turbid,  but  immediately  aft;er  the  flat  surfaces  of  the  plates  of  mica 
are  seen  alone  reflecting  a  silvery  light,  as  they  descend  slowly,  to  form 
a  distinct  micaceous  lamina.  The  mica  is  the  heaWer  mineral  of  the 
two  ;  but  it  remains  longer  suspended,  owing  to  its  great  extent  of  sur- 
face. It  is  easy,  therefore,  to  perceive  that  where  such  mud  is  acted  upon 
by  a  river  or  tidal  current^  the  thin  plates  of  mica  will  be  carried  farther, 

♦  Consult  Index  to  Principles  of  Geology,  "Stratification,"  "Currents,** 
*  Deltas."  "  Water,"  Ac 
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and  not  deposited  in  the  same  places  as  the  grains  of  quartz  ;  and  since 
the  force  and  velocity  of  the  stream  varies  from  time  to  time,  layers  of 
mica  or  of  sand  will  be  thrown  down  successive!  v  on  the  same  area. 

Original  horizontality, — It  has  generally  been  said  that  tlie  upper  and 
under  surfaces  of  strata,  or  the  planes  of  stratification,  as  they  are  termed, 
are  parallel.  Although  this  is  not  strictly  true,  they  make  an  approach 
to  parallelism,  for  the  same  reason  that  sediment  is  usually  deposited  at 
&8t  in  nearly  horizontal  layers.  The  reason  of  this  arrangement  can 
by  no  means  be  attributed  to  an  original  evenness  or  horizontality  in 
the  bed  of  the  sea ;  for  it  is  ascertained  that  in  those  places  where  no 
matter  has  been  recently  deposited,  the  bottom  of  the  ocean  is  often  as 
uneven  as  that  of  the  dry  land,  having  in  like  manner  its  hills,  valleys, 
and  ravines.  Yet  if  the  sea  should  sink,  or  the  water  be  removed  near 
the  mouth  of  a  large  river  where  a  delta  has  been  forming,  we  should 
see  extensive  plains  of  mud  and  sand  laid  dry,  which,  to  tlie  eye,  would 
appear  perfectly  level,  although,  in  reality,  they  would  slope  gently  from 
the  land  towards  tlie  sea. 

This  tendency  in  newly-formed  strata  to  assume  a  horizontal  position 
arises  principally  from  the  motion  of  the  water,  which  forces  along  par- 
ticles of  sand  or  mud  at  the  bottoui,  and  causes  them  to  settle  in  hollows 
or  depressions,  where  they  are  less  exposed  to  the  force  of  a  current  than 
when  they  are  resting  on  elevated  points.  The  velocity  of  the  current 
and  the  motion  of  the  superficial  waves  diminish  from  the  surface 
downwards,  and  are  least  in  those  depressions  where  the  water  is 
deepest. 

A  good  illustration  of  the  principle  here  alluded  to  may  be  sometimes 
seen  in  the  neighborhood  of  a  volcano,  when  a  section,  whether  natural 
or  artificial,  has  laid  open  to  view  a  succession  of  various-coloreil  layers 
of  sand  and  ashes,  which  have  fallen  in  showers  upon  uneven  ground. 
Thus  let  A  B  {^g,  1)  be  two  ridges  with  an  intervening  valley.  These 
original  inequalities  of  the  surface  have  been  gradually  effaced  by  beds 
of  sand  and  ashes  c,  rf,  «,  the  surface  at  e  being  quite  level.  It  will  be 
seen  that  although  the  materials  of  the  first  layers  have  accommodated 
Pi^  j^  themselves  in  a  great  degree  to  the  shape 

^  of  the  ground  A  B,  yet  each  bed  is  thick- 
est at  the  bottom.  At  first  a  great  many 
particles  would  be  carrie<l  by  their  own 
gravity  down  the  steep  sides  of  A  and  B, 
and  others  would  afterwards  be  blown  by  the  wind  as  they  fell  off"  the 
ridges,  and  would  settle  in  the  hollow,  which  would  thus  l)ecome  more 
and  more  effaced  as  the  strata  accumulated  from  c  to  e.  This  levelling 
operation  may  perhaps  be  rendered  more  clear  to  the  student  by  sup- 
posing a  numl>er  of  parallel  trenches  to  be  dug  in  a  plain  of  moving 
sand,  like  the  African  desert,  in  which  case  the  wind  would  soon  cause 
all  signs  of  these  trenches  to  disappear,  and  the  surface  would  be  as 
uniform  as  before.  Now,  water  in  motion  can  exert  this  levelling  power 
on  similar  materials  more  easily  than  air,  for  almost  all  stones  loee  in 
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water  more  tlian  a  third  of  the  weight  which  they  have  in  air,  the  spe- 
cific gravity  of  rocks  being  in  general  as  2^  when  compared  to  that  of 
water,  which  is  estimated  at  1.  But  the  buoyancy  of  sand  or  mud 
would  be  still  greater  in  the  sea,  as  the  density  of  salt  water  exceeds 
that  of  fresh. 

Yet,  however  uniform  and  horizontal  may  be  the  surface  of  new  de- 
posits in  general,  there  are  still  many  disturbing  causes,  such  as  eddies 
in  the  water,  and  currents  moving  first  in  one  and  then  in  another 
direction,  which  frequently  cause  irregularities.  We  may  sometimes 
follow  a  bed  of  limestone,  shale,  or  sandstone,  for  a  distance  of  many 
hundred  yards  continuously ;  but  we  generally  find  at  length  that  eadi 
individual  stratum  thins  out,  and  allows  the  beds  which  were  previously 
above  and  below  it  to  meet  If  the  materials  are  coarse,  as  in  grits  and 
conglomerates,  the  same  beds  can  rarely  be  traced  many  yards  without 
varying  in  size,  and  often  coming  to  an  end  abruptly.     (See  fig.  2.) 

Fig.  2. 


Section  of  strata  of  Bandstone,  grit,  and  conglomerate. 

Diagonal  or  Cross  Stratification, — ^There  is  also  another  phenomenon 
of  frequent  occurrence.  We  find  a  series  of  larger  strata,  each  of  which 
is  composed  of  a  number  of  minor  layers  placed  obliquely  to  the  general 

Fig.& 


Section  of  sand  at  Sandy  nUI,  near  BlgKleswade,  Bedibnlsbire. 
Height  20  foet    (Green-sand  formation.) 

planes  of  stratification.  To  this  diagonal  arrangement  the  name  of 
**  £Edse  or  cross  stratification"  has  been  given.  Thus  in  the  annexed  seo- 
tion  (fig.  3)  we  see  seven  or  eight  large  beds  of  loose  sand,  yellow  and 
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brown,  and  the  lines  a,  6,  e,  mark  some  of  the  principal  planes  of  strati- 
fication, which  are  nearly  horizontal.  But  the  greater  part  of  the  sub- 
ordinate laminae  do  not  conform  to  these  planes,  but  have  often  a  steep 
slope,  the  inclination  being  sometimes  towards  opposite  points  of  the 
compass.  When  the  sand  is  loose  and  incoherent,  as  in  the  case  here 
represented,  the  deviation  from  parallelism  of  the  slanting  laminae  can- 
not possibly  be  accounted  for  by  any  rearrangement  of  the  particles  ac- 
quired during  the  consolidation  of  the  rock.  In  what  manner  then  can 
such  irregularities  be  due  to  original  deposition  ?  We  must  suppose 
that  at  the  bottom  of  the  sea,  as  well  as  in  the  beds  of  rivers,  the  mo- 
tions of  waves,  currents,  and  eddies  often  cause  mud,  sand,  and  gravel 
to  be  thrown  down  in  heaps  on  particular  spots,  instead  of  being  spread 
out  uniformly  over  a  wide  area.  Sometimes,  when  banks  are  thus 
fonned,  currents  may  cut  passages  through  them,  just  as  a  river  forms 
its  bed.     Suppose  the  bank  A  (i^,  4)  to  be  thus  formed  with  a  steep 


Fli.4 


B 


sloping  side,  and  the  water  being  in  a  tranquil  state,  the  layer  of  sedi- 
ment No.  1  is  thrown  down  upon  it,  conforming  nearly  to  its  surface. 
Afterwards  the  other  layers,  2,  3,  4,  may  be  deposited  in  succession,  so 
that  the  bank  B  C  D  is  formed.  K  the  current  then  increases  in  ve- 
locity, it  may  cut  away  the  upper  portion  of  this  mass  down  to  the- 
dotted  line  e  (fig.  4),  and  deposit  the  materials  thus  removed  farther  on, 
so  as  to  form  the  layers  5,  6,  7,  8.  We  have  now  the  bank  B  0  D  E- 
(fig.  5),  of  which  the  sur&ce  is  almost  level,  and  on  which  the  nearly 
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horizontal  layers,  9,  10, 11,  may  then  accimiulate.    It  was  shown  in  fig.. 
3  that  the  diagonal  layers  of  successive  strata  may  sometimes  have  an 
opposite  slope.    This  is  well  seen  in  some  diflk  of  loose  sand  on  the- 

Suffolk  coast.  A  portion  of  one  of 
these  is  represented  in  fig.  6,  where 
the  layers,  of  which  there  are  about 
six  in  the  thickness  of  an  inch,  are 
composed  of  quartzose  grains.  This- 
arrangement  may  have  been  due  to 
the  altered  direction  of  the  tides  and' 
currents  in  the  same  place. 
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The  description  above  given  of  the  slanting  position  of  the  minor 
layers  constituting  a  single  stratum  is  in  certain  cases  applicable  on  a 
much  grander  scale  to  masses  several  hundred  feet  thick,  and  many  miles 
in  extent  A  fine  example  may  be  seen  at  the  base  of  the  Maritime 
Alps  near  Nice.  The  mountains  here  terminate  abruptly  in  the  sea,  so 
that  a  depth  of  many  hundred  fethoms  is  often  found  wiUun  a  stone^s 
throw  of  the  beach,  and  sometimes  a  depth  of  3000  feet  within  half  a 
mile.  But  at  certain  points,  strata  of  sand,  marl,  or  conglomerate,  in- 
tervene between  the  shore  and  the  mountains,  as  in  the  annexed  fig.  (7), 
where  a  vast  succession  of  slanting  beds  of  gravel  and  sand  may  be 

MoDta  Odya  Fig.  7. 
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Section  from  Monte  Cairo  to  the  sea  by  the  valley  of  Magnan,  near  Nico. 

A.  Dolomite  and  sandstone.    (Green-sand  Ibnnation  ?) 

a^  5,  (£,  Beds  of  gravel  and  saniL 

0.  Fine  marl  and  sand  of  St  Madeleine,  with  marine  shells. 

traced  from  the  sea  to  Monte  Calvo,  a  distance  of  no  less  than  9  miles 
in  a  straight  line.  The  dip  of  these  beds  is  remarkably  uniform,  being 
always  southward  or  towards  the  Mediterranean,  at  an  angle  of  about 
"26^.  They  are  exposed  to  view  in  nearly  vertical  precipices,  varying 
-from  200  to  600  feet  in  height,  which  bound  the  valley  through  which 
the  river  Magnan  flows.  Although  in  a  general  view,  the  strata  appear 
to  be  parallel  and  uniform,  they  are  nevertheless  found,  when  examined 
closely,  to  be  wedge-shaped,  and  to  thin  out  when  followed  for  a  few 
hundred  feet  or  yards,  so  that  we  may  suppose  them  to  have  been 
thrown  down  originally  upon  the  side  of  a  steep  bank,  where  a  river  or 
alpine  torrent  discharged  itself  into  a  deep  and  tranquil  sea,  and  formed 
a  delta,  which  advanced  gradually  from  the  base  of  Monte  Calvo  to  a 
distance  of  9  miles  from  the  original  shore.  •  If  subsequently  this  part  of 
the  Alps  and  bed  of  the  sea  were  raised  700  feet,  the  coast  would  acquire 
its  present  configuration,  the  delta  would  emerge,  and  a  deep  channel 
might  then  be  cut  through  it  by  a  river. 

It  is  well  known  that  the  torrents  and  streams,  which  now  descend 
fi-om  the  alpine  declivities  to  the  shore,  bring  down  annually,  when  the 
snow  melts,  vast  quantities  of  shingle  and  sand,  and  then,  as  they  sub- 
side, fine  mud,  while  in  summer  they  are  nearly  or  entirely  dry ;  so  that 
it  'may  be  safely  assumed,  that  deposits  like  those  of  the  valley  of  the 
Magnan,  consisting  of  coarse  gravel  alternating  with  fine  sediment,  are 
still  in  progress  at  many  points,  as,  for  instance,  at  the  mouth  of  the 
Var.  They  must  advance  upon  the  Mediterranean  in  the  form  of  great 
shoals  terminating  in  a  steep  talus ;  such  being  the  original  mode  of  ac- 
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cmnnlalion  of  all  coarse  materials  conve^  iiiW  <)eep  wat«r,  eapeoitlly 
-where  lb«y  lae  composed  in  great  part  of  pebbles,  which  camot  b« 
transported  to  indefinite  distances  by  currents  of  moderate  vdocity.  By 
inattention  to  facts  and  inferences  of  tliis  kind,  a  very  exa^erated  eeti> 
mate  has  sometimes  been  mode  of  the  supposed  depth  of  the  ancient 
ocean.  There  can  be  no  doubt,  for  eiamf^B,  that  tlie  strata  a,  fig.  7, 
or  those  nearest  to  Monte  Calvo,  are  oida*  than  those  indicated  by  i,  And 
these  again  were  formed  before  c ;  but  the  vertical  d«pth  of  gravel  and 
sand  in  any  one  place  cannot  be  proved  to  amount  even  to  1000  feet, 
althongh  it  may  perhaps  be  much  greater,  yet  probably  never  exceeding 
at  any  point  3000  or  4000  feet.  But  were  we  to  assume  that  all  the 
strata  were  once  horizontal,  and  tliat  their  present  dip  or  inclination  waa 
due  to  subsequent  movements,  we  shonid  then  be  forced  to  conclade, 
that  a  sea  9  miles  deep  had  been  filled  up  with  altRnate  layers  of  mud 
and  pebUes  thrown  down  one  upon  another. 

In  the  locality  now  under  consideration,  situated  a  few  milea  to  the 
west  of  Nice,  there  are  many  geobgical  data,  the  details  of  which  can- 
not be  g^ven  in  this  place,  all  leading  to  the  opinion,  that  when  the 
deposit  of  the  Magnan  was  formed,  the  shape  and  outline  of  the  alpine 
decUvities  and  the  shore  greatly  resembled  what  we  bow  behold  at  many 
points  in  the  neighborhood.  That  the  beds,  a,  b,  e,  d,  are  of  compara- 
tively modem  date  is  proved  by  this  fact,  that  in  seams  of  loamy  mail 
intervening  between  the  pebbly  beds  are  fossil  sheila,  half  of  which  be- 
long to  spedes  now  living  in  the  Mediterranean. 

Sijipte  mark. — The  ripple  mark,  so  common  on  the  sur&ce  of  sand- 
■tones  of  aH  ages  (see  fig.  6),  and  which  is  so  often  seen  on  the  sea-shore 
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at  low  tide,  seems  to  originate  in  the  drifting  of  materials  along  the 
bottom  of  the  water,  in  a  manner  verj  similar  to  that  which  may  explain 
the  inclined  layers  above  described.  This  ripple  is  not  entirely  confined 
to  the  beach  between  high  and  low  water  mark,  but  is  also  produced  on 
sands  which  are  constantly  covered  by  water.  Similar  undulating  ridges 
and  furrows  may  also  be  sometimes  seen  on  the  snr&ce  of  drift  snow  and 
blown  sand.  The  following  is  the  manner  in  which  I  once  observed  the 
motion  of  the  air  to  produce  this  effect  on  a  large  extent  of  level  beach, 
exposed  at  low  tide  near  Calais.  Clouds  of  fine  white  sand  were  blown 
from  the  neighboring  dnnes,  so  as  to  cover  the  shore,  and  whiten  a  dark 
level  surface  of  sandy  mud,  and  this  fresh  covering  of  sand  was  beauti- 
fully rippled.  On  levelling  all  the  small  ridges  and  furrows  of  this  ripple 
over  an  area  of  several  yards  square,  I  saw  them  perfectly  restored  in 
about  ten  minutes,  the  general  direction  of  the  ridges  being  always  at 
right  angles  to  that  of  the  wind.  The  restoration  began  by  the  appear- 
ance here  and  there  of  small  detached  heaps  of  sand,  whidi  soon 
lengthened  and  joined  together,  so  as  to  form  long  sinuous  ridges  with 
intervening  furrows.  Each  ridge  had  one  side  slightly  inclined,  and  the 
other  steep ;  the  lee-side  being  always  steep,  as  6,  c,  d, — e  ;  the  windward- 
side  a  gentle  slope,  as  a,  h, — e,  d^  fig.  9.    When  a  gust  of  wind  blew 


with  sufficient  force  to  drive  along"  a  doud  of  sand,  all  the  ridges  were 
seen  to  be  in  motion  at  once,  each  encroaching  on  the  furrow  before  it, 
and,  in  the  course  of  a  few  minutes,  filling  the  place  which  the  furrows 
had  occupied.  The  mode  of  advance  was  by  the  continual  drifting  of 
grains  of  sand  up  the  slopes  a  h  and  e  cf,  many  of  which  grains,  when 
they  arrived  at  b  and  d,  fell  over  the  scarps  b  c  and  d  e,  and  were  under 
shelter  from  the  wind ;  so  that  they  remained  stationary,  resting,  ac- 
cording to  their  shape  and  momentum,  on  different  parts  of  the  descent, 
and  a  few  only  rolling  to  the  bottom.  In  this  manner  each  ridge  was 
•distinctly  seen  to  move  slowly  on  as  often  as  the  force  of  the  wind  aug- 
mented. Occasionally  part  of  a  ridge,  advancing  more  rapidly  than  the 
rest,  overtook  the  ridge  immediately  before  it,  and  became  confounded 
with  it,  thus  causing  those  bifurcations  and  branches  which  are  so  com 
mon,  and  two  of  which  are  seen  in  the  slab,  fig.  8.  We  may  observe 
this  configuration  in  sandstones  of  all  ages,  and  in  them  also,  as  now  on 
the  sea-eoast,  we  may  often  detect  two  systems  of  ripples  interfering  with 
each  other ;  one  more  ancient  and  half-effaced,  and  a  newer  one,  in  which 
the  grooves  and  ridges  are  more  distinct,  and  in  a  different  direction. 
This  crossing  of  two  sets  of  ripples  arises  from  a  change  of  wind,  and  the 
new  direction  in  which  the  waves  are  thrown  on  the  shore. 

The  ripple  mark  is  usually  an  indication  of  a  sea-beadbi,  or  of  water 
%x>m  6  to  10  feet  deep^  for  the  agitation  caused  by  waves  even  during 
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storms  extends  to  a  very  slight  depth.  To  this  rtde,  however,  there 
are  some  exceptions,  and  recent  ripple  marks  have  been  observed  at  the 
depth  of  60  or  70  feet.  It  has  also  been  ascertained  that  currentB 
or  large  bodies  of  water  in  motion  may  disturb  mud  and  sand  at 
the  depth  of  300  or  even  450  feet* 


CHAPTER  m. 

ARRANGEMENT    OF   FOSSILS    IN    STRATA FRESHWATER   AND    MARINE. 

Saocessive  depoeitian  indicated  by  foesiln — Limeatones  formed  of  corals  and  sheila 
— ProoCs  of  gradual  increase  of  strata  derived  from  fossils — Serpula  attached 
to  spatangus — Wood  bored  by  teredina — Tripoli  and  semi-opal  formed  of  in- 
fusoria— Chalk  derived  principally  from  organic  bodies — Distinction  of  fresh- 
water from  marine  formations — Genera  of  freshwater  and  land  shells — Rules 
for  recognizing  marine  testacea — Gyrogonite  and  chara — Freshwater  hshes — 
Alternation  of  marine  and  freshwater  deposits — Lym-Fiord. 

Having  in  the  last  chapter  considered  the  forms  of  stratification  so 
far  as  they  are  determined  by  the  arrangement  of  inorganic  matter,  we 
may  now  turn  our  attention  to  the  manner  in  which  organic  remains  are 
distributed  through  stratified  deposits.  We  should  often  be  unable  to 
detect  any  signs  of  stratification  or  of  successive  deposition,  if  particular 
kinds  of  fossils  did  not  occur  here  and  there  at  certain  depths  in  the 
mass.  At  one  level,  for  example,  univalve  shells  of  some  one  or  more 
species  predominate ;  at  another,  bivalve  shells ;  and  at  a  third,  corals ; 
while  in  some  formations  we  find  layers  of  vegetable  matter,  commonly 
derived  from  land  plants,  separating  strata. 

It  may  appear  inconceivable  to  a  beginner  how  mountains,  several 
thousand  feet  thick,  can  have  become  filled  with  fossils  from  top  to  bot- 
tom ;  but  the  difliculty  is  removed,  when  he  reflects  on  the  origin,  of 
stratification,  as  explained  in  the  last  chapter,  and  allows  sufficient  time 
for  the  accumulation  of  sediment  He  must  never  lose  sight  of  the  fi^^t 
that,  during  the  process  of  deposition,  each  separate  layer  was  once  the 
uppermost,  and  covered  immediately  by  the  water  in  which  aquatic  ani- 
mak  lived.  Each  stratum  in  fact,  however  far  it  may  now  lie  beneath  the 
sur£EK»,  was  once  in  the  state  of  shingle,  or  loose  sand  or  soft  mud  at  the 
bottom  of  the  sea,  in  which  sheUs  and  other  bodies  easily  became  enveloped. 

By  attending  to  the  nature  of  these  remains,  we  are  often  enabled  to 
determine  whether  the  deposition  was  slow  or  rapid,  whether  it  took 
place  in  a  deep  or  shallow  sea,  near  the  shore  or  far  from  land,  and 
whether  the  water  was  salt,  brackish,  or  fresh.    Some  limestones  consist 

*  SiaiL  Edin.  Kew  PhiL  Jonm.  voL  zzzL;  and  Darwin,  Vole  Ishuida,  p.  184. 
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kttnost  ffcclnmvoly  of  corals,  and  in  many  cases  it  is  eridnt  that  the  pKeenl 
position  of  eadi  fossil  zoophjie  has  been  detwmined  by  the  manoer  ia 
which  it  grew  originally,  The  axis  of  the  coral,  for  exsrapl^  if  its  nat- 
nrsl  growth  is  enct,  stiU  remains  at  right  angles  to  the  plane  of  stratifi- 
cation. If  the  stratum  be  now  horizontal,  the  round  spherical  benda  of 
certain  species  coDtinae  uppermost,  and  their  points  of  attachment  are 
directed  downwards.  This  arrangement  is  sometimes  repeated  through- 
oat  a  gKiA  succession  of  strata.  From  what  we  know  of  the  growth  of 
similar  wwphytes  in  modem  reefe,  we  infer  tliat  the  rate  of  increaae  was- 
extremely  slow,  and  some  of  the  fossils  must  have  flourished  for  ages  like 
forest  trees  before  they  attained  so  large  a  size.  During  these  ages,  the 
water  remained  dear  and  transparent,  for  such  corals  cannot  Ure  in  tur- 
bid water. 

In  like  manner,  when  we  see  thousands  of  full-grown  shells  dispersed 
everywhere  throughout  a  long  series  of  strata,  wo  cannot  doubt  that 
time  was  required  for  the  multiplication  of  successive  generations ;  and 
the  evidence  of  slow  atcumulation  is  rendered  nwro  striking  from  the 
proofe,  so  often  discovered,  of  fossil  bodies  hai-ing  lain  for  a  time  on  the 
floor  of  the  ocean  after  death  before  they  were  imbedded  in  sediment 
Nothing,  for  example,  is  more  common  than  to  see  fossil  oysters  in  clay, 
with  serpuloe,  or  barnacles  (acorn -shells),  or  corals,  and  other  creatures, 
attached  to  the  inside  of  the  valves,  so  that  the  mollusk  was  certainly 
not  buried  in  argillaceous  mud  the  moment  it  died.  There  must  have 
been  an  interval  during  which  it  was  still  surrounded  with  clear  water, 
when  the  testacea,  now  adhering  to  it,  grew  from  ao  embryo  state  to  full 
maturity.  Attadied  shells  which  are  merely  external,  like  some  of  the 
■erpulffi  (a)  in  the  annexed  figure  (fig.  10),  may  often  have  grown  upon 
lip  11'  an  oyster  or  otJier  shell  while  the  an- 

imal within  was  slill  living ;  but  if 
they  arc  found  on  the  inside,  it  could 
only  happen  after  the  death  of  the 
inhabitant  of  the  shell  which  affiirdn 
the  support.  Thus,  in  fig.  10,  it  will 
be  seen  that  two  serpube  have  growo 
on  the  interior,  one  of  them  exactly 
on  tlic  place  where  the  adductor  mus- 
cle of  the  Grypheea  (a  kind  of  oy»- 
I  ter)  was  fixed. 

Some  fossil  shells,  even  if  simply 

J  attached  to  the  outside  of  others,  bear 

I  full  testimony  to  the  conclusion  above 

alluded  to,  namely,  that  an  interval 

elapsed  between    the   death    of  the 

creature  to  whose  shell  they  adhere, 

and  the  burial  of  the  same  in  mud  or 

sand.    The  sea-urchins  or  Schim,  so 

u^^k^ib  fcosu  H^  Ik  ftbundant  in  white  chalk,  afiford  a  good 
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illntratjon.  It  is  well  known  that  these  animals,  when  living,  are  ioTa- 
riably  covered  with  numerona  apineA,  which  serve  as  organs  of  motioo, 
and  are  supported  by  rows  c^  tubercles,  which  last  are  ooly  seen  after  the 
death  of  the  sea-urchin,  when  the  spines  have  dropped  off.  In  fig.  12  a 
linng  spednten  of  Spatangua,  conunon  on  our  coast,  is  represented  with 


n^ii. 
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one-half  of  its  shell  stripped  of  tlie  spines.  In  fig.  11a  fossil  of  the 
same  genus  from  the  white  chalk  of  England  shows  the  naked  surface 
which  the  individuals  of  this  family  exhibit  when  denuded  of  their  bris- 
tles. The  full-grown  Strpula,  therefore,  which  now  adheres  externally, 
could  not  have  b^un  to  grow  till  the  Spalangtu  had  died,  and  the 
spines  were  detached. 

Now  the  aeries  of  events  here  attested  by  a  single  fossil  may  be  carried 

a  step  &nher.     Thus,  for  example,  wo  often  meet  with  a  sea-urchin  in 

the  cltalk  (see  fig.  19),  which  has  fixed  to  it  the  lower  valve  of  a  Cmnia, 

Ti»  iii  a  genus  of  bivalve  molluscs.     The  upper  valve  {b,  fig. 

13)  is  almost  invariably  wanUng,  though  occasionally 

found  in  a  perfect  state  of  preservation  in  white  chalk 

at  some  distance.    In  this  case,  we  see  clearly  that  the 

I   sea-urchin  first  lived  from  youth  to  age,  then  died  and 

]  lost  its  spines,  which  were  carried  away.     Then  the 

j^!mtt»  young  Crania  adhered  to  the  bared  shell,  grew  and 

Smo/iS?  c^a*S  perished  i"  ila  turn ;  after  which  the  upper  valve  was 
^Hiwd.  separated  from  the  lower  before  the  Echinui  became 

Ortutia  ia^Oiti,     enveloped  m  chalky  mud. 

It  may  be  well  to  mention  one  more  illustration  of  the  manner  in 
which  single  fossils  may  somedmcs  throw  light  on  a  former  state  of 
things,  both  in  the  bed  of  the  ocean  and  on  some  adjcnmng  land.  We 
meet  with  many  fragments  of  wood  bored  by  ship-worms,  at  various 
depths  in  the  clay  on  which  London  is  built  Entire  branches  and  stems 
of  mea,  several  feet  in  length,  are  sometimes  dug  out,  drilled  all  over  by 
tlie  boles  of  these  borers,  the  tubes  and  shells  of  the  mollusk  still  re- 
mauring  in  the  cylindrical  hollows.  In  fig.  15  e,  a  representation  is 
given  of  a  piece  of  recent  wood  pierced  by  the  Teredo  navalu,  or  com- 
mon ship-worm,  which  destrop  wooden  piles  and  ships.  When  the 
cylindrical  tube  d  has  been  extracted  from  the  wood,  a  shell  is  seen  at 
the  larger  extremity,  composed  of  two  pieces,  as  shown  at  c    In  like 
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manner,  a  piece  of  fossil  wood  (a,  fig.  14)  has  been  perforated  by  u 
sninul  of  a  kindred  but  extinct  genus,  called  Tertdina  hj  iMmimk. 
Hie  oalcareouB  tube  of  this  moUnBk  was  united  and  as  it  were  aoldered 


wood  drilled  b;  perfbnUtig  Uallni 
'Dod  AvBi  London  dn,  bored  by  IWedtna. 
'  -*-  -'  '■—•'- —nto,  Uio  rlght-hmd  Bgote 
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on  to  the  valves  of  the  shell  (b),  which  therefore  cannot  be  detached 
from  the  tube,  like  the  valves  of  the  recent  Teredo.  The  wood  in  this 
fossil  spedmen  is  now  converted  into  a  stony  mass,  a  mixture  of  day 
and  lime  ;  but  it  must  once  have  been  buoyant  and  floating  in  the  Ma, 
when  the  Teredina  lived  upon  it,  perforating  it  in  all  directions.  Again, 
before  the  infant  colony  settled  upon  the  drift-wood,  the  branch  of  a  tree 
must  have  been  floated  down  to  the  sea  by  a  rivfr,  uprooted,  perti^x,  by 
a  flood,  or  torn  off  and  cast  into  the  waves  by  the  wind :  and  thus  onr 
thoughts  are  carried  back  to  a  prior  period,  when  the  tree  grew  for  yean 
on  dry  land,  enjoying  a  fit  soil  and  climate. 

It  has  been  already  remarked  that  there  are  rocks  in  the  interior  of 
continents,  at  various  depths  in  the  earth,  and  at  great  heights  above  the 
sea,  almost  entirely  mode  up  of  the  remains  of  zoophytes  and  teetacea. 
Such  masses  may  be  compared  to  modem  oyster-beds  and  coral  leoEi; 
and,  like  them,  the  rate  of  increase  must  have  been  extremely  gradtul. 
But  there  are  a  variety  of  stony  deposits  in  the  earth's  cnut,  now  prored 
to  have  been  derived  frum  planta  and  animids,  of  which  the  organic  ori- 
gin was  not  suspected  undl  of  late  years,  even  by  naturaliata.  Great 
surprise  was  therefore  created  by  the  recent  discovery  of  Profeeaar  Ehren- 
herg  of  Berlin,  that  a  COTtain  kind  of  siliceous  stone,  called  tripoli,  was 
entirely  composed  of  millions  of  the  remains  of  organic  beings,  which 
the  Prussian  naturahst  refers  to  microscopic  Infusoria,  but  whjdi  most 
otj^ers  now  believe  to  be  plants.  They  abound  in  freshwater  lakes  and 
ponds  in  England  and  other  countries,  and  are  termed  DiatomaoeM  by 
those  naturalists  who  beheve  in  their  vegetable  origin.     The  aabetaDM 
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allodod  to  bas  long  been  well  known  in  the  uta,  being  uaed  in  the  fbnii 
of  powder  for  polishing  stones  Kod  metaU.  It  has  been  procured,  among 
other  plaoes,  from  BiJin,  in  Bohemia,  where  a  single  stratum,  extending 
over  a  wide  area,  is  no  less  than  14  feet  thick.  This  stone,  when  exam- 
ined with  a  powerful  microscope,  is  found  to  consist  of  the  siliceous 
plates  or  frusUles  of  the  above-mentjcaed  Dtatomacee,  united  together 
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without  any  risihle  cement  It  is  difficult  to  convey  an  idea  of  their 
extreme  minntenees ;  but  Ehrenbeig  estimates  that  in  the  Bilin  tripoli 
there  are  41,000  millions  of  individuals  of  the  Gaillontlla  distana  (see 
fig.  17)  in  every  cubic  inch,  which  weighs  about  220  grains,  or  about 
187  millions  in  a  single  grain.  At  every  stroke,  therefore,  that  we  make 
with  this  polishing  powder,  several  millions,  perhaps  tens  of  millions,  of 
perfect  fossils  are  crushed  to  atoms. 

The  remwna  of  these  Dialomaceie  are  of  pure  silex,  and  their  forms 
are  rajious,  but  very  marked  and  constant  in  particular  genera  and  spa- 
r^  so  f  1^  jf       cies.    Thus,  in  the  fnmily  Ba- 
ri/iana  (see  fig.  16),  the  fos- 
sils  preserved  in  tripoli  are 
seen  to  exhibit  the  same  di- 
viaons  and  transverse   Unes 
I  which  characterize  the  living 
I  speciesof kindredfonn.  With 
I  these,  also,  the  siliceous  apicu- 
he  or  internal  supports  of  the 
I  freshwater  sponge,  or  Span- 
I  ffilla  of  Lamarck,  are  some- 
es  intermingled  (see  the 
needle-shaped  bodies  in  fig. 
20).     These  fiinty  cases  and 
spiculte,  although  hard,  are 
very  fragile,   breaking   like 
glass,  and  are  therefore  admi- 
rably adapted,  when  rubbed, 
for  wearing  down  into  a  fine 
powder  fit  for  polishing  the 
surface  of  metals. 
Bi*p.i(h™oi.sr«ib(idofiiipoit.B"f"^       Besides  the  tripoli,  formed 
n^M  Tb*MDMiBiKaiaed,ihawiiiKeiniiiuartJciii^  exclusively  of  the  fossils  abov« 
'ir"""™™^  "»■•>"*""  d«crili«J,tI.ei.o«n»mlli« 
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upper  part  of  the  great  stratum  at  Bilin  another  heavier  and  more  compact 
stone,  a  kind  of  semi-opal,  in  which  innumerable  parts  of  Diatomaoese 
and  spiculse  of  the  Spongilla  are  filled  with,  and  cemented  together  bj, 
siliceous  matter.  It  is  supposed  that  the  siliceous  remains  of  the  most 
delicate  Diatomaceae  have  been  dissolved  by  w^ater,  and  have  thus  given 
rise  to  this  opal  in  which  the  more  durable  fossils  are  preserved  like  in- 
sects in  amber.  This  opinion  is  confirmed  by  the  fact  that  the  organic 
bodies  decrease  in  number  and  sharpness  of  outline  in  proportion  as  the 
opaline  cement  increases  in  quantity. 

In  the  Bohemian  tripoli  above  described,  as  in  that  of  Planitz  in  Sax- 
ony, the  species  of  Diatomaceae  (or  Infusoria,  as  termed  by  Ehrenberg) 
are  freshwater ;  but  in  other  countries,  as  in  the  tripoli  of  the  Isle  of 
France,  they  are  of  marine  species,  and  they  all  belong  to  formations  of 
the  tertiary  period,  which  will  be  spoken  of  hereafter. 

A  well-known  substance,  called  bog-iron  ore,  often  met  vnih  in  peat- 
mosses, has  also  been  shown  by  Ehrenberg  to  consist  of  innumerable  ar- 
ticulated threads,  of  a  yellow  ochre  color,  composed  partly  of  flint  and 
partly  of  oxide  of  iron.  These  tlireads  are  the  cases  of  a  minute  micro- 
scopic body,  called  Gaillonella  ferruginea  (fig.  18). 

It  is  clear  that  much  time  must  have  been  required  for  the  accumula- 
tion of  strata  to  which  countless  generations  of  Diatomaceae  have  contrib- 
uted their  remains ;  and  these  discoveries  lead  us  naturally  to  suspect 
that  other  deposits,  of  which  the  materails  have  been  usually  supposed  to 
be  inorganic,  may  in  reality  have  been  derived  from  microscopic  organic 
bodies.  That  this  is  the  case  with  the  white  chalk,  has  often  been  im- 
agined, this  rock  having  been  observed  to  abound  in  a  variety  of  marine 
fossils,  such  as  shells,  echini,  corals,  sponges,  Crustacea,  and  fishes.  Mr. 
Lonsdale,  on  examining,  in  Oct,  1835,  in  the  museum  of  the  Geological 
Society  of  London,  portions  of  white  chalk  from  different  parts  of  Eng^ 
land,  found,  on  carefully  pulverizing  them  in  water,  that  what  appear  to 
the  eye  simply  as  white  grains  were,  in  fact,  well  preserved  fossils.  He  ob- 
tained above  a  thousand  of  these  from  each  pound  weight  of  chalk,  some 
being  fragments  of  minute  corallines,  others  entire  Foraminifera  and 
Cytheridae.  The  annexed  drawings  will  give  an  idea  of  the  beautiful 
forms  of  many  of  these  bodies.  The  figures  a  a  represent  their  natural 
size,  but,  minute  as  they  seem,  the  smallest  of  them,  such  as  a,  fig.  24, 

Cytherida  and  Foranninifera  from  the  chalk. 
Fig.  2L  Fig.  22.  Fig.  2a  Fig.  21 

Cyth«r^TAm.  Portion  of  CH&UUaria  RotMna. 

Cytherina,  Lam.     Nodotaria.  rotulatcu 

are  gigantic  in  comparison  with  the  cases  of  Diatomaceae  before  men- 
tioned. It  has,  moreover,  been  lately  discovered  that  the  chambers  into 
which  these  Foraminifera  are  divided  are  actually  often  filled  with  thou- 
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■andB  of  well-preserved  organic  bodies,  which  abound  in  every  minute 
grain  of  chalk,  and  are  especially  apparent  in  the  white  coating  of 
flints,  often  accompanied  by  innumerable  needle-shaped  spiculs  of 
sponges.  After  reflecting  on  these  discoveries,  we  are  naturally  led  on 
to  conjecture  that,  aa  the  formless  cement  in  the  semi-opal  of  Bilin  has 
beoi  derived  from  the  decomposition  of  animal  and  vegetable  remains, 
so  abo  even  those  parts  of  chalk  flints  in  which  no  organic  structure 
can  be  recognized  may  nevertheless  have  constituted  a  part  of  micro- 
scopic animalcules. 

"  The  dust  we  tread  upoo  was  once  alive  1" — Btron. 

How  iJEiint  an  idea  does  this  exclamation  of  the  poet  convey  of  the 
real  wonders  of  nature  !  for  here  we  discover  proo&  that  the  calcareous 
and  siliceous  dust  of  which  hills  are  composed  has  not  only  been  once 
alive,  but  almost  every  particle,  albeit  invisible  to  the  naked  eye,  still 
retains  the  organic  structure  which,  at  periods  of  time  incalculably  re- 
mote, was  impressed  upon  it  by  the  powers  of  life. 

Freshtoater  and  marine  fossils, — Strata,  whether  deposited  in  salt 
or  fresh  water,  have  the  same  forms ;  but  the  imbedded  fossils  are 
very  diflerent  in  the  two  cases,  because  the  aquatic  animals  which  fre- 
quent lakes  and  rivers  are  distinct  from  those  inhabiting  the  sea.  In 
the  northern  part  of  the  Isle  of  Wight  a  formation  of  marl  and  lime- 
stone, more  than  50  feet  thick,  occurs,  in  which  the  shells  are  prin- 
dpaUy,  if  not  all,  of  extinct  species.  Yet  we  recognize  their  freshwater 
origin,  because  they  are  of  the  same  genera  as  those  now  abounding 
in  ponds  and  lakes,  either  in  our  own  country  or  in  warmer  latitudes. 

In  many  parts  of  France,  as  in  Auvergne,  for  example,  strata  of  lime- 
stone, marl,  and  sandstone  are  found,  hundreds  of  feet  tliick,  which  con- 
tain exclusively  freshwater  and  land  shells,  together  with  the  remains  of 
terrestrial  quadrupeds.  The  number  of  land  shells  scattered  through 
some  of  these  freshwater  deposits  is  exceedingly  great ;  and  there  are 
districts  in  Germany  where  the  rocks  scarcely  contain  any  other  fossils 
except  snail-shells  {helices) ;  as,  for  instance,  the  limestone  on  the  left 
bank  of  the  Rhine,  between  Mayence  and  Worms,  at  Oppenheim,  Find- 
heim,  Budenheim,  and  other  places.  In  order  to  account  for  this  phe- 
nomenon, the  geologist  has  only  to  exanodne  the  small  deltas  of  torrents 
which  enter  the  Swiss  lakes  when  the  waters  are  low,  such  as  the  newly- 
formed  plain  where  the  Kander  enters  the  Lake  of  Thun.  He  there  sees 
sand  and  mod  strewed  over  with  innumerable  dead  land  shells,  which 
have  been  brought  down  from  valleys  in  the  Alps  in  the  preceding  spring, 
during  the  melting  of  the  snows.  Again,  if  we  search  the  sands  on  the 
borders  of  the  Rhine,  in  the  lower  part  of  its  course,  we  And  countless 
land  shells  mixed  with  others  of  species  belonging  to  lakes,  stagnant 
pools,  and  marshes.  These  individuals  have  been  washed  away  from 
the  alluvial  plains  of  the  great  river  and  its  tributaries,  some  from 
mountainous  regions,  others  from  the  low  country. 
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Although  iraghwateT  formatioDS  are  oft«n  of  great  (hickncai,  jtt  Utej 
are  usually  very  limited  in  area  wbea  compared  to  tuanne  depcaita, 
juBt  as  lakes  and  estuaries  are  of  small  dimensiona  in  compariaon'tlidi 

We  may  distinguish  a  freshwater  formation,  fint,  l^  the  alaenM  «( 
many  fossils  almost  invariably  met  with  in  marine  atrata.  For  ■— f'plt, 
there  are  no  sea-urchins,  no  corals,  and  scarcely  any  toapbjUai  no 
chambered  shells,  such  as  the  nautilus,  nor  microeoopic  Fonuninifen. 
But  it  is  chiefly  by  attending  to  the  forms  of  the  mollusca  that  we  an 
guided  in  determining  the  point  in  question.  In  a  freshwater  deposit, 
the  number  of  individual  shells  is  often  as  great,  if  not  greater,  than  in 
a  marine  stratum  ;  but  tliere  is  a  smaller  variety  of  spedes  and  genera. 
This  might  be  anticipated  from  the  fact  that  tJie  genera  and  species  of 
recent  fi-eshwater  and  land  shells  are  few  when  contrasted  with  the  ma- 
rine. Thus,  the  genera  of  true  mollusca  according  to  Blainville's  system, 
excluding  those  of  extinct  species  and  those  without  sbdia,  amount  to 
about  200  in  number,  of  which  the  terrestrial  and  fieehwater  genera 
scarcely  form  more  than  a  sixth.* 

Ahnost  all  bivalve  shells,  or  those  of  acephalous  mollusca,  are  marine, 
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about  ten  only  out  of  ninety  genera  being  freshwater.    Among  these 
last,  the  four  most  common  forms,  both  recent  and  fossil,  are  Cyclat,  Cy- 


mux,  Unio,  and  Anod<mia  (see  figures) ;  the  two  first  and  two  last  of 
iriiich  are  no  nearly  aUied  as  to  pass  into  each  other. 


■  See  STQOptii)  TaUe  in  BlainviDe't  Ualaoologia. 
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Lamuck  divided  the  bivalve  moUuBca  into  the 
IHmyary,  or  tiiow  having  two  large  nnucnlar 
impreesioDB  in  each  valve,  as  a  fi  in  the  Cyclas, 
fig.  26,  and  the  Motwmyary,  such  as  the  oyster 
and  scallop,  in  which  there  is  only  one  of  these 
impreBsiooe,  as  is  teen  in  fig.  30,  Now,  as  none 
of  these  last,  or  the  nnimuscular  bivalves,  are 
freshwater,  we  may  at  once  presiune  a  deposit  in 
which  we  find  any  of  them  to  be  marine. 

The  univalve  shells  most  characterisUcof  fresh- 
water deposits  are,  PUmarUt,  Lymnea,  and  Pa> 
Ivdma.   (See  figures.)     But  to  these  are  occasionally  added  Pkyia,  Sue- 

Flc.lL  Tlf-  SI.  t\f.X. 
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dtua,  Aitqfltu,  Valvata,  ^elanopm,  Melania,  and  Neritina.  (See  figures.) 

Vl^N,  Fig.«B.  F1|.B<.  Flg.BT. 


AneylMt  tlt^ant ; 


Onf^K•HI. 

In  r^ard  to  one  of  these,  the  Aneylut  (lig.  35),  Mr.  Gray  obaerrea 
that  it  sometimes  differs  in  no  respect  from  the  marine  £f^pAonana,  at- 

Tlf.K  n^M.  n|,40.  F1(.1L 
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cept  in  the  animal.     The  shell,  however,  of  the  Aneytut  is  anuUr 
thinner.* 

Qn.j,  PUL  Tnm.  ISSB,  p.  802. 
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Some  naturalists  include  Nerittna  (fig.  42)  and  the  marine  .^mfa 
fig.  43)  in  the  Bame  genua,  it  being  ecarcelf  possible  to  distinguiah  the 
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two  by  good  generic  characters.  But,  as  a  general  rule,  the 
flunntile  species  are  emnller,  smoother,  and  more  globular 
than  the  marine ;  and  they  have  never,  like  the  Neritm,  the 
inner  margin  of  the  outer  lip  toothed  or  crenulated.  {See 
fig.  43.) 

A  few  genera,  among  which  CerilMum  (fig.  44)  is  the  most  ^^ 

abundant,  are  common  both  to  rivers  and  the  sea,  having  spe-  <V4Mfen 
cies  peculiar  to  each.  Oilier  genera,  like  Auricula  (fig.  36),  are  p^'^J^w 
amphibious,  fre<{uenting  marshes,  especiaSly  near  the  Bea. 

The  terreetrial  shells  are  all  univalves.  The  most  abundant  genera 
among  these,  both  in  a  recent  and  fossil  stale,  are  Helix  (fig.  45),  Cy- 
rlostoma  (fig.  46),  Pupa  (fig  47),  ClausHia  (fig.  48),  SuUmut  (fig.  49), 


Flg.«. 
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and  Ackatina  ;  which  two  last  are  nearly  allied  and  pass  into  each  oAer. 

The  AmpuUaria  (fig.  50)  is  another  genus  of  shells,  inhabiting  rivets 

and  ponds  in  hot  countries.     Many  fossil  species  have 

^^^  been  referred  to  this  genus,  but  they  have  been  found 

^^K^^^         chiefly  in   marine  fonnations,  and  are  suspected   by 

^^^^^^^<      some  conchologiets  to  belong  to  Nalica  and  other  ina- 

^^^|HRn>    rine  genera. 

^^^^HB/  All  univalve  shells  of  land  and  freshwater  epedes, 
a9^^F'  with  the  exception  of  JIfelanopeis  (fig.  41),  and  Acha- 
AmptiBivia  ifiauea,  ''""i  which  has  a  slight  indentation,  have  entire 
IMmUxJiunu  mouths;  and  this  circumstance  may  oft«n  serve  as 
a  convenient  rule  for  distinguishing  freshwater  from  marine  strata; 
since,  if  any  univalves  occur  of  which  the  mouths  are  not  entire,  we 
may  presume  that  the  formation  is  marine.  The  aperture  is  said  to  be 
entire  in  such  shells  as  the  AmpuUaria  and  the  land  shells  (figs.  45 — 
49),  when  ita  outline  is  not  interrupted  by  an  indentation  or  notdh, 


dm.  m.  raou  kahine  foriutions.  81 

ncfa  M  that  teen  at  b  in  AneUiaria  (fig.  62) ;  or  is  Dot  prolonged  into 
a  canal,  as  tliat  seen  at  a  in  Pieurotoma  (fig.  61). 

The  raoutha  of  a  large  proportion  of  the  marine  univalves  have  these 
notdies  or  canals,  and  almost  all  such  epeciea  are  carnivorous ;  whereas 


ri^ei.  Fi»Bi 


Ancillaria  tubtiiala.    Loodoa  dq'. 


neariy  all  lestacea  having  entire  mouths,  are  plant-eatfirs ;  whether  the 
spedea  be  marine,  freshwater,  or  Urrestrial. 

There  is,  however,  one  genus  which  afibrds  an  oecasiomal  exception  to 
one  of  the  above  rules.  The  Ceritkium  (Bg.  44),  although  provided  with 
a  short  canal,  comprises  some  species  which  inhabit  salt,  others  braddsh, 
and  others  fresh  water,  and  they  are  said  to  be  all  plant-eaters. 

Among  the  fossils  very  common  in  freshwater  deposits  are  the  sheUa 
of  Cyprit,  a  minute  crustaceous  animal,  having  a  shell  much  resembling 
that  of  the  bivalve  mollusca.*  Many  minut«  living  species  of  this  genus 
swans  is  lakes  and  stagnant  pools  in  Great  Britain  ;  but  their  sheila  are 
'  not,  if  considered  separately,  conclusive  as  to  the  freshwater  origin  of  a 
depoait,  because  the  majority  of  speciea  in  another  kindred  genus  of  the 
same  order,  the  Cylherina  of  Lamarck  (see  above,  fig.  21,  p.  26),  in- 
habit salt  wat«r ;  and,  although  the  animal  difiets  slightly,  the  shell  is 
scarcely  distinguishable  from  that  of  the  Cyprit. 

The  seed-vessels  and  sterna  of  Chara,  a  genus  of  aquatic  plants,  are 
very  frequent  in  freshwater  strata.  These  seed-vesseb  were  called,  before 
iheir  true  nature  was  known,  g3rrogoniteB,  and  were  supposed  to  be 
foraminiferoua  shells.     (See  fig.  S3  a.) 

The  Chara  inhabit  the  bottom  of  lakes  and  ponds,  and  flourish 
mostly  where  the  water  ia  charged  with  carbonate  of  lime.  Their  seed- 
vessels  are  covered  with  a  very  tough  integument,  capable  of  resisting 
decomposition ;  to  which  drcumstance  we  may  attribute  thoir  abundance 
in  a  fossil  stat«.  The  annexed  figure  (fig.  64)  represents  a  branch  of 
one  of  many  new  species  found  by  Professor  Amici  in  the  lakes  of 
northern  Italy.  The  seed-vessel  in  this  plant  is  more  globular  than  in 
the  British  Charm,  and  therefore  more  nearly  resembles  in  form  the  ex- 
tinct foaul  species  found  in  England,  France,  and  other  countries.     The 

*  FM  fif^urei  of  recant  (peciei,  see  below,  p.  18S,  ud  figs,  of  fossils,  see  [k  SS8. 
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stems,  as  well  as  the  seed-vessels,  of  these  plants  occur  bota  in  modem 
shell  marl  and  in  ancient  freshwater  fonnations.    They  are  generally 

Fig.  68L  Fig.  61 


Chora  medicaainula ;  Chora  daMioa;  recent    Italy, 
fossil    Isle  of  Wight 

a.  Sessile  seed-yessel  between  the  diviMon  of 

a.  Seed-vessel,  the  leaves  of  the  female  plant 

magnified  20  b.  Transverse  section  of  a  branch,  with  five 

diameters.  seed-vessels  magnified,  seen  from  below 

b.  Stem,  magnified.  upwards. 

composed  of  a  large  tube  surrounded  by  smaller  tubes ;  the  whole  stem 
being  divided  at  certain  intervals  by  transverse  partitions  or  joints. 
(See  h,  fig.  53.) 

It  is  not  uncommon  to  meet  with  layers  of  vegetable  matter,  impres- 
sions of  leaves,  and  branches  of  trees,  in  strata  containing  freshwater 
shells ;  and  we  also  find  occasionally  the  teeth  and  bones  of  land  quad- 
rupeds, of  species  now  unknown.  The  manner  in  which  such  renuiins 
are  occasionally  carried  by  rivers  into  lakes,  especially  during  floods,  has 
been  fully  treated  of  in  the  "  Principles  of  Greology."* 

The  remains  of  fish  are  occasionally  useful  in  determining  the  fresh- 
water origin  of  strata.  Certain  genera,  such  as  carp,  perch,  pike,  and 
loach  {CyprinuB,  Perca,  Esox^  and  Cobitis),  as  also  Lehias^  being  pe- 
culiar to  freshwater.  Other  genera  contain  some  freshwater  and  some 
marine  species,  as  Coitus^  Mugil^  and  Anguilla^  or  eel.  The  rest  are 
either  common  to  rivers  and  the  sea,  as  the  salmon  ;  or  are  exclusively 
characteristic  of  salt  water.  The  above  observations  respecting  fossil 
fishes  are  applicable  only  to  the  more  modem  or  tertiary  deposits ;  for 
in  the  more  ancient  rocks  the  forms  depart  so  widely  from  those  of  ex- 
isting fishes,  that  it  is  very  difiScult,  at  least  in  the  present  state  of  sci- 
ence, to  derive  any  positive  information  from  icthyolites  respecting  the 
element  in  which  strata  were  deposited. 

The  alternation  of  marine  and  freshwater  formations,  both  on  a  small 
and  large  scale,  are  facts  well  ascertained  in  geology.  When  it  occqtb 
on  a  small  scale,  it  may  have  arisen  frt>m  the  alternate  occupation  of 
certain  spaces  by  river  water  and  the  sea ;  for  in  the  flood  season  the 
river  forces  back  the  ocean  and  freshens  it  over  a  large  area,  depositing 
at  the  same  time  its  sediment ;  after  which  the  salt  water  again  retoms, 
and,  on  resuming  its  former  place,  brings  with  it  sand,  mud,  and  marine 
shells. 

*  See  Index  of  Princiides,  **  FoasUisatioo.'' 
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Hiere  are  also  lagoons  at  the  mouths  of  many  rivers,  as  the  Nile  and 
Mississippi,  which  are  divided  off  by  bars  of  sand  from  the  sea,  and 
which  are  filled  with  salt  and  fresh  water  by  turns.  They  often  commu- 
nicate exclusively  with  the  river  for  months,  years,  or  even  centuries ; 
and  then  a  breach  being  made  in  the  bar  of  sand,  they  are  for  long  pe- 
riods filled  with  salt  water. 

The  Lym-Fiord  in  Jutland  offers  an  excellent  illustration  of  analogous 
chauges ;  for,  in  the  course  of  the  last  thousand  years,  the  western  ex- 
tremity of  this  long  frith,  which  is  120  miles  in  length,  including  its 
windings,  has  been  four  times  fresh  and  four  times  salt,  a  bar  of  sand 
between  it  and  the  ocean  having  been  as  often  formed  and  removed. 
The  last  irruption  of  salt  water  happened  in  1824,  when  the  North  Sea 
entered^  killing  all  the  freshwater  shells,  fish,  and  plants  ;  and  from  that 
time  to  the  present,  the  sea-weed  Fucu»  'vesiculostis,  together  with  oys- 
ters and  other  marine  mollusca,  have  succeeded  the  Cyclas^  Lymn$a^ 
Paludina^  and  Charce.* 

But  changes  like  these  in  the  Lym-Fiord,  and  those  before  mentioned 
as  occurring  at  the  mouths  of  great  rivers,  will  only  account  for  some 
cases  of  marine  deposits  of  partial  extent  resting  on  freshwater  strata. 
When  we  find,  as  in  the  southeast  of  England,  a  great  series  of  firesh- 
water  beds,  1000  feet  in  thickness,  resting  upon  marine  formations  and 
again  covered  by  other  rocks,  such  as  the  cretaceous,  more  than  1000 
feet  thick,  and  of  deep-sea  origin,  we  shall  find  it  necessary  to  seek  for  a 
different  explanation  of  the  phenomena.! 


CHAPTER  IV. 


CONSOLIDATION    OF   STRATA    AND    PETRIFACTION    OF   FOSSILS. 

Chemical  and  mechanical  deposits — Cementing  together  of  partides — Hardening' 
by  exposure  to  air — Concretionary  nodules — Consolidating  effects  of  pressure — 
Mineralization  of  organic  remains — Impressions  and  casts  how  formed — Fossil 
wood — Goppert's  experiments — Precipitation  of  stony  matter  most  rapid  where- 
putrefaction  is  going  on— Source  of  lime  in  solution — Silex  derived  from  de- 
composition of  felspar — Proofs  of  the  lapudification  of  some  fossils  soon  aft«r 
burial,  of  others  when  much  decayed. 

Having  spoken  in  the  preceding  chapters  of  the  characters  of  sedi- 
mentary ibrmations,  both  as  dependent  on  the  deposition  of  inorganic 
matter  and  tlie  distribution  of  fossils,  I  may  next  treat  of  the  consolidation 
of  stratified  rocks,  and  the  petrifaction  of  imbedded  organic  remains. 

Chemical  and  mechanical  deposits, — ^A  distinction  has  been  made  by 

•  See  Principles,  Index,  "  Lym-Fiord." 

t  See  below»  Chap.  XYIII.,  on  the  Wealden. 


84  CONSOLIDATION  OP  STRATA.  [Ch.  FV. 

geologists  between  deposits  of  a  chemical  and  those  of  a  mechanical, 
origin.  By  the  latter  name  are  designated  beds  of  mud,  sand,  or  peb- 
bles produced  by  the  action  of  running  water,  also  accumulations  of 
stone*^  and  scoriae  thrown  out  by  a  volcano,  wliich  have  fallen  into  their 
present  place  by  the  force  of  gravitation.  But  the  matter  which  forms 
a  chemical  deposit  has  not  been  mechanically  suspended  in  water,  but  in 
a  state  of  solution  until  separated  by  chemical  action.  In  this  manner 
carbonate  of  lime  is  often  precipitated  upon  the  bottom  of  lakes  and 
seas  in  a  solid  form,  as  may  be  well  seen  in  mjmy  parts  of  Italy,  where 
mineral  springs  abound,  and  where  the  calcareous  stone,  called  travertin, 
is  deposited.  In  these  springs  the  lime  is  usually  held  in  solution  by  an 
excess  of  carbonic  acid,  or  by  heat  if  it  be  a  hot  spring,  until  the  water, 
on  issuing  from  the  earth,  cools  or  loses  part  of  its  acid.  The  calcareous 
matter  then  falls  down  in  a  solid  state,  incrusting  shells,  fragments  of 
wood  and  leaves,  and  binding  them  together.* 

In  coral  reefs,  large  masses  of  limestone  are  formed  by  the  stony  skel- 
etons of  zoophytes ;  and  these,  together  with  shells,  become  cemented 
together  by  carbonate  of  lime,  part  of  which  is  probably  furnished  to 
the  sea-water  by  the  decomposition  of  dead  corals.  Even  shells  of  which 
the  animals  are  still  living,  on  these  reefs,  are  very  commonly  found  to 
be  incrusted  over  with  a  hard  coating  of  limestone.f 

If  sand  and  pebbles  are  carried  by  a  river  into  the  sea,  and  these 
^re  bound  together  immediately  by  carbonate  of  lime,  the  deposit 
may  be  described  as  of  a  mixed  origin,  partly  chemical,  and  partly 
mechanical. 

Now,  the  remarks  already  made  in  Chapter  II.  on  the  original  hori- 
zontality  of  strata  are  strictly  applicable  to  mechanical  deposits,  and 
only  i>artially  to  those  of  a  mixed  nature.  Such  as  are  purely  chemical 
may  be  formed  on  a  very  steep  slope,  or  may  even  incrust  the  vertical 
walls  of  a  fissure,  and  be  of  equal  thickness  throughout ;  but  such  de- 
posits are  of  small  extent,  and  for  the  most  part  confined  to  vein-stones. 

Cementing  of  jmrticles. — It  is  chiefly  in  the  case  of  calcareous  rocks 
rthnt  solidification  takes  place  at  the  time  of  deposition.  But  there  are 
•many  deposits  in  which  a  cementing  process  comes  into  operation  long 
afterwards.  We  may  sometimes  observe,  where  the  water  of  ferruginous 
•or  calcareous  springs  has  flowed  through  a  bed  of  sand  or  gravel,  that 
iron  or  carbonate  of  lime  has  been  deposited  in  the  interstices  between 
;the  grains  or  pebbles,  so  that  in  certain  places  the  whole  has  been  bound 
together  into  a  stone,  the  same  set  of  strata  remaining  in  other  parts 
loose  and  incoherent. 

Proofs  of  a  similar  cementing  action  are  seen  in  a  rock  at  Kelloway 
in  Wiltshire.  A  peculiar  band  of  sandy  strata,  belonging  to  the  group 
called  Oolite  by  geologists,  may  be  traced  through  several  counties,  the 
tand  being  for  the  most  part  loose  and  unconsolidated,  but  becoming 

*  See  Principles,  Index,  **  Calcareous  Springs,"  Ac 
t  B»d.    ** Travertin,"  "Coral  Reefs,"  Ac. 
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<tony  near  Kelloway.  In  this  district  tliore  are  numerous  fossil  shells 
which  have  ilecomposetl,  having  for  the  most  part  left  only  their  casts. 
The  calcareous  matter  hence  deriveil  has  evidently  served,  at  some  fonner 
|ierioii,  as  a  cement  to  th^  siliceous  grains  of  sand,  and  thus  a  solid  sand- 
Ktone  has  l>een  produced.  If  we  take  fragments  of  many  other  argilla- 
ce<:»us  gritfi,  retaining  the  casts  of  shells,  and  plunge  tliem  imto  dilute 
iiiuriatic  or  other  acid,  we  see  them  immediately  changed  into  common 
sfind  and  mud  ;  the  cement  of  lime  deriveil  from  the  shells,  having  been 
dissolved  by  Uie  add. 

Traces  of  impressions  and  casts  are  often  extremely  faint  In  some 
itHtae  sands  of  recent  date  we  meet  with  shells  in  so  advanced  a  stage  of 
decomposition  as  to  crumble  into  powder  when  touched.  It  is  clear  that 
water  j)ercolating  such  strata  may  soon  remove  the  calcareous  matter  of 
the  shell ;  and,  imless  circumstances  cause  the  ciirbonate  of  lime  to  be 
again  deposited,  the  grains  of  sand  will  not  be  cemented  together ;  in 
wliich  case  no  memorial  of  the  fossil  will  remain.  The  absence  of  or^ 
ganic  remains  from  many  aqueous  rocks  may  be  thus  explained  ;  but 
we  may  presume  that  in  many  of  them  no  fossils  were  ever  imbedded, 
as  there  are  extensive  tracts  on  the  bottoms  of  existing  seas  even  of 
moderate  depth  on  which  no  fragments  of  shell,  coral,  or  other  living 
creature  can  lie  detected  by  dreilging.  (^n  the  other  hand,  there  are 
ilepths  where  the  zero  of  animal  life  has  l)een  approacheil ;  as,  for  ex- 
ample, in  the  Mediterranean,  at  the  depth  of  about  230  fathoms,  accord- 
ing to  the  researches  of  Prof.  E.  Forbes.  In  the  -^Egean  Sea  a  dej^sit 
nf  yellowish  mud  of  a  very  uniform  character,  and  closely  resembling 
thalk,  is  going  on  in  regions  below  230  fathoms,  and  this  formation 
iiiust  be  wholly  devoid  of  organic  remains.* 

In  what  manner  silex  and  carbonate  of  lime  may  become  widely  dif- 
iUM^l  iu  small  quantities  through  the  waters  wliich  permeate  the  earth's 
crust  will  be  spoken  of  presently,  when  the  petrifaction  of  fossil  IxKlies 
is  considered ;  but  I  may  remark  here  that  such  waters  are  always 
passing  in  the  case  of  thermal  springs  from  hotter  to  colder  parts  of  the 
interior  of  the  earth  ;  and  as  often  as  the  tempeniture  of  the  solvent  is 
lowered,  mineral  matter  has  a  tendency  to  separate  from  it  and  solidify. 
Thus  a  stony  cement  is  often  supplied  to  any  sand,  pebbles,  or  fragment- 
.try  mixture.  In  some  conglomerates,  like  the  pudding-stone  of  Hert- 
fordshire, pebbles  of  flint  and  grains  of  sand  are  united  by  a  siliceous 
tvment  so  firmly,  that  if  a  block  be  fractured  the  rent  passes  as  readily 
through  the  pebbles  as  through  the  cement. 

It  Is  probable  tliat  many  strata  became  solid  at  the  time  when  they 
emerged  from  tlie  waters  in  which  they  were  deposited,  and  when  they 
first  formed  a  part  of  the  dry  land.  A  well-known  fact  seems  to  con- 
firni  this  idea  :  by  far  the  greater  number  of  the  stones  used  for  building 
and  road-making  are  much  softer  when  first  taken  from  the  quarry 
than  after  they  have  been  long  exposed  to  the  air ;  and  these,  when  once 

•  Report  Brit.  Ass.  1848,  p.  178. 
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dried,  may  afterwards  be  immersed  for  any  length  of  time  in  water 
without  becoming  soft  again.  Hence  it  is  found  desirable  to  shape  the 
stones  which  are  to  be  used  in  architecture  while  they  are  yet  soft  and 
wet,  and  while  they  contain  their  "  quarry-wate;*,"  as  it  is  called ;  also  to 
break  up  stone  intended  for  roads  when  soft,  and  tlien  leave  it  to  dry  in 
the  air  for  months  that  it  may  harden.  Such  induration  may  perhaps 
be  accounted  for  by  supposing  the  water,  which  penetrates  the  minutest 
pores  of  rocks,  to  deposit,  on  evaporation,  carbonate  of  lime,  iron,  silex, 
and  other  minerals  previously  held  in  solution,  and  thereby  fill  up  the 
pores  partially.  These  particles,  on  crystallizing,  would  not  only  be 
themselves  deprived  of  freedom  of  motion,  but  would  also  bind  together 
other  portions  of  the  rock  which  before  were  loosely  aggregated.  On 
the  same  principle  wet  sand  and  mud  become  as  hard  as  stone  when 
frozen ;  because  one  ingredient  of  the  mass,  namely,  the  water,  has  crys- 
tallized, so  as  to  hold  firmly  together  all  the  separate  particles  of  which 
the  loose  mud  and  sand  were  composed. 

Dr.  MacCulloch  mentions  a  sandstone  in  Skye,  which  may  be  moulded 
like  dough  when  first  found  ;  and  some  simple  minerals,  which  are  rigid 
and  as  hard  as  glass  in  our  cabinets,  are  often  flexible  and  soft  in  their 
native  beds ;  this  is  tlie  case  with  asbestos,  sahlite,  tremolite,  and 
chalcedony,  and  it  is  reported  also  to  haj)pen  in  the  case  of  the 
beryl.* 

The  marl  recently  deposited  at  the  bottom  of  Lake  Superior,  in  North 
America,  is  soft,  and  often  filled  with  freshwater  shells ;  but  if  a  pieoo 
be  taken  up  and  dried,  it  becomes  so  hard  that  it  can  only  be  broken  by 
a  smart  blow  of  the  hammer.  If  the  lake  therefore  was  drained,  such 
a  deposit  would  be  found  to  consist  of  strata  of  marlstone,  like  that 
observed  in  many  ancient  European  formations,  and  like  them  contain- 
ing freshwater  shells.f 

It  is  probable  that  some  of  the  heterogeneous  materials  which  rivers 
transport  to  the  sea  may  at  once  sfet  under  water,  like  the  artificial  mix- 
ture called  pozzolana,  which  consists  of  fine  volcanic  sand  charged  with 
about  20  per  cent  of  oxide  of  iron,  and  the  addition  of  a  small  quantity 
of  lime.  This  substance  hardens,  and  becomes  a  solid  stone  in  water, 
and  was  used  by  the  Romans  in  constructing  the  foundations  of  build- 
ings in  the  sea. 

Consolidation  in  these  cases  is  brought  alK)ut  by  the  action  of  chemical 
affinity  on  finely  comminuteil  matter  previously  suspended  in  water. 
After  deposition  similar  particles  seem  to  exert  a  mutual  attraction  on 
each  other,  and  congregate  together  in  particular  spots,  forming  lumps, 
nodules,  and  concretions.  Thus  in  many  argillaceous  deposits  there  are 
calcareous  balls,  or  spherical  concretions,  ranged  in  layers  parallel  to  the 
general  stratification  ;  an  arrangement  which  took  place  after  the  shale 
or  marl  had  been  thrown  down  in  successive  laminae  ;  for  these  laminae 

*  Dr.  MacCulloch,  Syst  of  GeoL  vol  I  p.  128. 
f  Prina  of  GeoL,  Index,  **  Superior  Lake." 
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are  often  traced  in  the  concretions,  remaining  parallel  to  those  of  the  sur- 
rounding unconsolidated  rock.  (See  fig.  66.)  Such  nodules  of  lime- 
stone have  often  a  shell  or  other  foreign 

body  in  tlie  centre.* 

Among  the  most  remarkable  exam* 
pies  of  concretionary  structure  are  those 
described  by  Professor  Sedgwick  as 
abounding  in  the  magnesian  limestone 
of  die  north  of  England.  The  spherical  balls  are  of  various  sizes,  from 
that  of  a  pea  to  a  diameter  of  several  feet,  and  they  have  both  a  con- 
centric and  radiated  structure,  while  at  the  same  time  tlie  lamime  of 
original  deposition  pass  uninterruptedly  through  them.  In  some  clifl^ 
tliis  limestone  resembles  a  great  irregular  pile  of  cannon  balls.  Some 
of  the  globular  masses  have  their  centre  in  one  stratum,  while  a  portion 
of  their  exterior  passes  through  to  the  stratum  above  or  below.  Thus 
the  larger  spheroid  in  tlie  annexed  section  (fig.  56)  passes  from  the 

stratum  6  upwards  into  a.  In  this  in- 
stance we  must  suppose  the  deposition  of 
a  series  of  minor  layers,  first  forming  the 
stratum  6,  and  afterwards  tlie  incumbent 
stratum  a  ;  then  a  movement  of  the  par- 
ticles took  place,  and  the  carbonates  of 
lime  and  magnesia  separated  from  the 
more  impure  and  mixed  matter,  forming  the  still  unconsolidated  parts  of 
the  stratum.  Crystallization,  beginning  at  the  centre,  must  have  gone 
on  forming  concentric  coats,  around  the  original  nucleus  without  inter- 
fering with  Uie  laminated  structure  of  the  rock. 

When  the  particles  of  rocks  have  been  thus  rearranged  by  chemical 
forces,  it  is  sometimes  difiicult  or  impossible  to  ascertain  whether  certain 
lines  of  division  are  due  to  original  deposition  or  to  the  subsequent  ag- 
gregation of  similar  particles.     Thus  suppose  three  strata  of  grit.  A,  B, 

C,  are  charged  unequally  with  calcareous 
matter,  and  that  B  is  the  most  calcareous. 
If  consolidation  takes  place  in  B,  the  con- 
cretionary action  may  spread  upwards 
into  a  part  of  A,  where  the  carbonate  of 
lime  is  more  abimdant  than  in  the  rest ;  so  that  a  mass  cf,  «,/,  forming 
a  portion  of  the  superior  stratum,  becomes  united  with  B  into  one  solid 
mass  of  stone.  The  original  line  of  division  cf,  e,  being  thus  efiaced,  the 
line  d^  /,  would  generally  be  considered  as  the  surface  of  the  bed  B, 
though  not  strictly  a  true  plane  of  stratification. 

Pressure  and  heat. — When  sand  and  mud  sink  to  the  bottom  of  a 
deep  sea,  the  particles  are  not  pressed  down  by  the  enormous  weight  of 
the  incumbent  ocean ;  for  the  water,  which  becomes  mingled  with  the 
sand  and  mud,  resists  pressure  with  a  force  equal  to  that  of  the  column 
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*  De  la  Heche,  GeoL  Besearcbes,  p.  95,  and  GeoL  Obeerver  (1861),  p  686. 
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of  fluid  above.  The  same  happens  in  regard  to  organic  remains  which 
are  filled  with  water  under  great  pressure  as  they  sink,  otherwise  they 
would  be  immediately  crushed  to  pieces  and  flattened.  Nevertheless,  if 
the  materials  of  a  stratum  remain  in  a  yielding  state,  and  do  not  set  or 
solidify,  they  will  be  gradually  squeezed  down  by  the  weight  of  other 
materials  successively  heaped  upon  them,  just  as  soft  clay  or  loose  sand 
on  which  a  house  is  built  may  give  way.  By  such  downward  pressure 
particles  of  clay,  sand,  and  marl,  may  become  packed  into  a  smaller 
space,  and  be  made  to  cohere  together  permanently. 

Analogous  eftects  of  condensation  may  arise  when  the  solid  parts  of 
the  earth's  crust  are  forced  in  various  directions  by  those  mechanical 
movements  afterwards  to  be  described,  by  which  strata  have  been  bent, 
broken,  and  raised  above  the  level  of  the  sea.  Rocks  of  more  yielding 
materials  must  often  have  been  forced  against  others  previously  consol- 
idated, and,  thus  compressed,  may  have  acquired  a  new  structure.  A 
WHJcnt  discovery  may  help  us  to  comprehend  how  fine  sediment  derived 
from  the  detritus  of  rocks  may  be  solidified  by  mere  pressure.  The 
graphite  or  "  black  lead"  of  commerce  having  become  \GTy  scarce,  Mr. 
13rockedon  contrive<l  a  method  by  which  the  dust  of  the  purer  portions 
of  the  mineral  found  in  Borrowdale  might  be  recomposed  into  a  mass  as 
dense  and  compact  as  native  graphite.  The  powder  of  graphite  is  first 
carefully  prepared  and  freed  from  air,  and  placed  under  a  powerftil  press 
on  a  strong  steel  die,  with  air-tight  fittings.  It  is  then  struck  several 
blows,  each  of  a  power  of  1000  tons ;  after  which  operation  the  powder 
is  so  perfectly  solidified  that  it  can  be  cut  for  pencils,  and  exhibits  when 
broken  the  siime  texture  as  native  graphite. 

But  the  action  of  heat  at  various  depths  in  the  earth  is  probably  the 
most  powerful  of  all  causes  in  hardening  sedimentary  strata.  To  this 
subject  I  shall  refer  again  when  treating  of  the  metamorphic  rocks,  and 
of  the  slaty  and  jointed  structure. 

MhieraUzation  of  organic  remains. — The  changes  which  fossil  organic 
bodies  have  undergone  since  they  were  first  imbedded  in  rocks,  throw 
much  light  on  the  consolidation  of  strata.  Fossil  shells  in  some  modem 
deposits  have  been  scarcely  altered  in  the  course  of  centuries,  having 
simply  lost  a  part  of  their  animal  matter.  But  in  other  cases  the  shell 
has  disappeared,  and  left  an  impression  only  of  its  exterior,  or  a  cast  of 
its  interior  form,  or  thirdly,  a  cast  of  the  shell  itself,  the  original  matter 
of  which  has  been  removed.  These  diflferent  forms  of  fossilization  may 
easily  be  understood  if  we  examine  the  mud  recently  thrown  out  from  a 
pond  or  canal  in  which  there  are  shells.  If  the  mud  be  argillaceous,  it 
acquires  consistency  on  drying,  and  on  breaking  open  a  portion  of  it  we 
find  that  each  shell  has  left  impressions  of  its  external  form.  If  we  then 
remove  the  shell  itself,  we  find  within  a  solid  nucleus  of  clay,  having  the 
form  of  the  interior  of  the  shell.  This  form  is  often  very  different  from 
that  of  the  outer  shell.  Thus  a  cast  such  as  a,  fig.  58,  commonly  called 
a  fossil  screw,  would  never  l)o  suspected  by  an  inexperienced  concliologist 
to  be  the  internal  shape  of  the  fossil  univalve,  6,  ^g,  58.     Nor  should 
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we  hmve  imagined  «t  first  sight  that  the  sliell  a  and  the  cast  b,  fig.  59, 
were  different  parts  of  the  same  fossil.    The  reader  will  observe,  in  the 
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last-mentioned  figure  {6,  fig.  50),  that  an  empty  space  shaded  dark,  which 
the  ihtU  itself  once  occupied,  now  iiit«rvi'iies  between  the  enveloping 
stone  and  the  c-iwt  of  the  smooth  intcrinr  of  the  whorls.  In  such  cases 
the  shell  has  been  dissolved  and  the  coniponeut  particles  removed  hy 
water  percolating  the  rock.  If  the  iiucleas  were  taken  out  a  hollow 
mould  wouhi  remain,  on  which  the  cxiemid  form  of  the  slielt  with  its 
tubercles  and  striae  as  seen  in  a,  fig.  50,  would  be  seen  enihos»e<l.  Now 
if  tlje  space  alluded  to  between  the  nucleus  and  the  impression,  instead 
of  being  left  empty,  had  boon  filled  up  with  calcareous  spur,  flint,  py- 
rites, or  other  mineral,  we  then  obtain  irom  the  mould  an  eiact  c;ist  both 
of  the  external  and  internal  fonu  of  the  original  shell.  In  this  manner 
silicified  casta  of  shells  have  been  formed  ;  and  if  the  mud  or  sand  of 
the  imcleus  happen  to  be  incoherent,  or  soluble  in  acid,  wc  can  then  pro- 
cure in  flint  an  empty  shell,  which  in  shajw  is  the  exact  eounter])art  of 
the  original.  This  cast  may  be  compared  to  a  bronze  statue,  representing 
merely  the  superficial  form,  and  not  the  internal  organization ;  hut  there 
is  another  description  of  petrifaction  hy  no  means  uncommon,  and  of  a 
much  more  wonderful  kind,  which  may  be  compared  to  certain  anatom- 
ical models  in  wax,  where  not  only  tlie  outward  forms  and  features,  but 
the  nerves,  blood-vessels,  and  other  internal  organs  are  also  shown. 
Thus  we  find  corals,  originally  calcareous,  in  which  not  only  tiie  general 
shape,  but  also  the  minute  and  complicated  internal  organization  are  re- 
buued  in  flint 

Such  a  process  of  petrifaction  is  sUll  more  remarkably  exhibited  in 
feosil  W004J,  in  which  we  oflen  perceive  not  only  the  rings  of  annual 
growth,  but  all  the  minute  vessels  and  medullary  rays.  Many  of  the 
minute  pores  and  fibres  of  plants,  and  even  those  spiral  vessels  which  in 
the  living  vegetable  can  only  be  discovered  hy  the  microscope,  are  pre- 
served. Amoilg  many  instances,  I  may  mention  a  fossil  tree,  T2  feet  in 
length,  found  at  Gosforth  near  Newcastle,  in  sandstone  strata  associated 
with  coal.  By  cutting  a  transverao  slice  so  thin  as  to  transmit  light, 
and  magnifying  ii  about  Jitty-five  times,  the  texture  seen  in  fig.  60  is  ei- 
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hitnted.  A  texture  equally  minute  and  complicated  hag  been  obaerred 
in  the  wood  of  large  trunks  of  foesil  trees  fonnd 
in  the  Craigleith  quarry  near  Edinburgh,  where 

the  stone  was  not  in  the  slightest  degree  siliceous, 
but  conBisted  chiefly  of  carbonate  of  lime,  with 
oxide  of  iron,  alumina,  and  carbon.  The  parallel 
rows  of  vpsseis  hflre  seen  are  the  rings  of  an- 
uual  growth,  but  in  one  part  they  are  imperfecdy 
preserved,  the  wood  having  probably  decayed 
before  tlie  mineralizing  matter  had  penetrated  to 
that  portion  of  the  tree. 
lu  attempting  to  es:plain  the  process  of  petrifaction  in  such  cases,  we 
may  first  assume  that  strata  are  very  generally  permeated  by  water 
charged  with  minute  portions  of  calcareous,  siliceous,  and  other  earths 
in  solution.  In  what  manner  they  I)ecome  so  impregnated  will  be  after- 
wards cou»dered.  If  an  organic  substance  is  exposed  in  the  open  air 
to  the  action  of  the  sun  and  rain,  it  will  in  time  putrefy,  or  be  diesolred 
into  its  component  elements,  which  consist  chiefly  of  oxygen,  liydrogen, 
and  carbon.  These  will  readily  be  absorbed  by  the  atmosphere  or  be 
washed  away  by  rain,  so  that  all  vestiges  of  the  dead  animal  or  plant 
disappear.  But  if  the  same  substances  be  submerged  in  water,  they  de- 
compose more  gradually ;  and  if  buried  in  earth,  still  more  slowly,  as  in 
the  familiar  example  of  wooden  piles  or  other  buried  timber.  Now,  if 
as  fust  as  each  particle  is  set  free  by  putrefaction  in  a  fluid  or  gaseous 
stale,  a  particle  equally  minute  of  carbonate  of  lime,  flint,  or  other  min- 
eral, is  at  hand  and  ready  to  lie  precipitated,  we  may  imagine  tliis  inor- 
ganic matter  to  take  the  place  just  liefore  left  unoccupied  by  the  organic 
molecule.  In  this  manner  a  cast  of  the  interior  of  certain  vessels  may 
first  be  taken,  and  afterwards  the  more  solid  walls  of  the  same  may 
decay  and  suffer  a  like  transmutation.  Yet  wlien  the  whole  is  lapidified, 
it  may  not  form  one  homogeneous  mass  of  stone  or  metal.  Some  of  the 
original  ligneous,  osseous,  or  other  organic  elements  may  remain  mingied 
in  certain  parts,  or  the  lapidtlying  substance  itself  may  be  differently 
colored  at  different  times,  or  so  crystallized  as  to  reflect  light  differ- 
ently, and  thus  the  texture  of  the  original  body  may  be  laithfully 
exhibited. 

The  student  may  perhaps  ask  whether,  on  chemical  principles,  we  have 
any  ground  to  expect  that  mineral  malter  willbe  thrown  down  preoaely 
in  those  spots  where  organic  decomposition  is  in  progress  t  The  foUoning 
curious  experiments  may  serve  to  illustrate  this  point  Professor  66p- 
pert  of  Breslau  attempted  recently  to  imitate  the  natural  process  of  pelj- 
rifaction.  For  this  purpose  he  steeped  a  variety  of  animal  and  vegetable 
substances  in  waters,  some  holding  siliceous,  others  calcareous,  oth«« 
metallic  matter  in  solution.  He  found  that  in  the  period  of  a  few  weeka, 
or  even  days,  tite  organic  bodies  thus  immersed  were  mineralized  to  a 
certain  extent  Thus,  for  example,  thin  vertical  slices  of  deal,  taken 
from  the  Scotch  fir  (Ptnu*  lylveitris),  were  immersed  in  &  moderately 


ChL  IV.]  ORGANIC  BEMAINS.  41 

strong  solution  of  sulphate  of  iron.  When  they  had  been  thoroughly 
soaked  in  the  liquid  for  several  days  thoy  were  dried  and  exposed  to  a 
red-heat  until  the  vegetable  matter  was  burnt  up  and  notliing  remained 
but  an  oxide  of  iron,  which  was  found  to  have  taken  the  form  of  the 
deal  so  exactly  that  caste  even  of  the  dotted  vessels  peculiar  to  this  fem- 
ily  of  plante  were  distinctly  visible  under  tlie  microscope. 

Another  accidental  experiment  has  been  recorded  by  Mr.  Pepys  in  the 
Geological  Transactions.*  An  earthen  pitcher  containing  several  quarte 
of  sulphate  of  iron  had  remained  undisturbed  and  unnoticed  for  about  a 
twelvemonth  in  the  laboratory.  At  the  end  of  this  time  when  the  liquor 
was  examined  an  oily  appearance  was  observed  on  the  surface,  and  a 
yellowish  powder,  which  prove^l  to  be  sulphur,  together  with  a  quantity 
of  small  hairs.  At  the  bottom  were  discovered  the  bones  of  several  mice 
in  a  sediment  consisting  of  small  grains  of  pyrites,  others  of  sulphur, 
others  of  crystallized  green  sulphate  of  iron,  and  a  black  muddy  oxide 
of  iron.  It  was  evident  that  some  mice  had  accidentallv  been  drowned  in 
the  fluid,  and  by  the  mutual  action  of  the  animal  matter  and  the  sulphate 
of  iron  on  each  other,  the  met<illic  sulphate  had  been  deprived  of  its  ox- 
ygen ;  hence  the  pyrites  and  the  other  compounds  were  tlirown  down. 
Although  the  mice  were  not  mineralized,  or  turned  into  pyrites,  the  phe- 
nomenon shows  how  mineral  waters,  charged  with  sulphate  of  iron,  may 
be  deoxydated  on  coming  in  contact  with  animal  matter  undergoing  pu- 
trefaction, so  that  atom  after  atom  of  pyrites  may  be  precipitated,  and 
ready,  under  favorable  circumstances,  to  replace  the  oxygen,  hydrogen, 
and  carbon  into  which  the  original  body  would  be  resolved. 

The  late  Dr.  Turner  observes,  that  when  mineral  matter  is  in  a 
**  nascent  state,"  that  is  to  say,  just  liberated  from  a  previous  state  of 
chemical  combination,  it  is  most  ready  to  unite  with  other  matter,  and 
form  a  new  chemical  compound.  Probably  the  particles  or  atoms  just 
set  free  are  of  extreme  minuteness,  and  therefore  move  more  freely,  and 
are  more  ready  to  obey  any  impulse  of  chemical  affinity.  Whatever  be 
the  cause,  it  clearly  follows,  as  before  stated,  that  where  organic  matter 
newly  imbedded  in  sediment  is  decomposing,  there  will  chemical  changes 
take  place  most  actively. 

An  analysis  was  lately  made  of  the  water  which  was  flowing  off  from 
the  rich  mud  deposited  by  the  Hooghly  river  in  the  Delta  of  the  Ganges 
after  the  annual  inundation.  This  water  was  found  to  be  highly  charged 
with  carbonic  acid  gas  holding  lime  in  solution.f  Now  if  newly- 
deposited  mud  is  thus  proved  to  be  permeated  by  mineral  matter  in  a 
state  of  solution,  it  is  not  difficult  to  perceive  that  decomposing  organic 
bodies,  naturally  imbedded  in  sediment,  may  as  readily  become  petrified 
as  the  substances  artificially  immersed  by  Professor  Goppert  in  various 
fluid  mixtures. 

Tt  is  well  known  that  the  water  of  springs,  or  that  which  is  continually 

♦  VoL  L  p.  899,  first  series. 

f  PiddlngtoD,  Asiat  Research,  vol  zviil  p.  226. 
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percolating  the  earth's  crust,  is  rarely  free  from  a  slight  admixture  either 
of  iron,  carbonate  of  lime,  sulphur,  silica,  potash,  or  some  other  earthy, 
alkaline,  or  metallic  ingredient.  Hot  springs  in  particular  are  copiously 
charged  with  one  or  more  of  these  elements ;  and  it  is  only  in  their 
waters  tliat  silex  is  found  in  abundance.  In  certain  cases,  therefore,  es- 
pecially in  volcanic  regions,  we  may  imagine  the  flint  of  silicified  wood 
and  corals  to  have  been  supplied  by  the  waters  of  thermal  springs.  In 
other  instances,  as  in  tripoli  and  chalk-flint,  it  may  have  been  derived  in 
great  part,  if  not  wholly,  from  the  decomposition  of  infusoria  or  diato- 
macea*,  sponges,  and  other  bodies.  But  even  if  this  be  granted,  we  have 
still  to  inquire  whence  a  lake  or  the  ocean  can  be  constantly  replenished 
with  the  calcareous  and  siliceous  matter  so  abundantly  withdrawn  from 
it  by  the  secretions  of  these  zoophytes. 

In  regard  to  carbonate  of  lime  there  is  no  difliculty,  because  not  only 
are  calcareous  springs  very  numerous,  but  even  rain-water  has  the  }x>wer 
of  dissolving  a  minute  portion  of  the  calcareous  rocks  over  which  it 
flows.  Ilence  marine  corals  and  mollusca  may  be  provided  by  rivers 
with  the  materials  of  their  shells  and  solid  supports.  But  pure  silex, 
even  when  reduced  to  the  finest  powder  and  boiled,  is  insoluble  in  water, 
except  at  very  high  temj>eratures.  Nevertheless  Dr.  Turner  has  well  ex- 
plained, in  an  essay  on  the  chemistry  of  geology,*  how  the  decomposi- 
tion of  felspar  may  be  a  source  of  silex  in  solution.  He  has  remarked 
that  the  siliceous  earth,  which  constitutes  more  than  half  the  bulk  of 
felspar,  is  intimately  combined  with  alumine,  potash,  and  some  other 
elements.  The  alkaline  matter  of  the  felspar  has  a  chemical  aflinity  for 
water,  as  also  for  tlie  carbonic  acid  which  is  more  or  less  contained  in 
the  waters  of  most  springs.  The  water  therefore  carries  away  alkaline 
matter,  and  leaves  behind  a  clay  consisting  of  alumine  and  silica.  But 
this  residue  of  the  decomposed  mineral,  which  in  its  purest  state  is  called 
porcelain  clay,  is  found  to  contain  a  part  only  of  the  silica  which  existed 
in  the  original  felspar.  The  other  part,  therefore,  must  have  been  dis- 
solved and  removed  ;  and  this  can  be  accounted  for  in  two  ways  ;  first, 
because  silica  when  combined  with  an  alkali  is  soluble  in  water ;  sec- 
ondlv,  because  silica  in  what  is  technicallv  called  its  nascent  state  is  also 
soluble  in  water.  Hence  an  endless  supply  of  silica  is  afibrded  to  rivers 
and  the  waters  of  the  sea.  For  the  felspathic  rocks  are  universally  dis- 
tributed, constituting,  as  they  do,  so  large  a  proportion  of  tlie  volcanic, 
plutonic,  and  metaraorphic  formations.  Even  where  they  chance  to  be 
absent  in  mass,  they  rarely  fail  to  occur  in  the  superficial  gravel  or  allu- 
vial deposits  of  the  basin  of  every  large  river. 

The  disintegration  of  mica  also,  another  mineral  which  enters  largely 
into  the  composition  of  granite  and  various  sandstones,  may  yield  silica 
which  mav  l>e  dissolved  in  water,  for  nearlv  half  of  this  mineral  consists 
of  silica,  combined  with  alumine,  potash,  and  about  a  tenth  part  of  iron. 
The  oxidation  of  this  iron  in  the  air  is  the  principal  cause  of  the  waste 
of  mica. 

*  Jam.  Ed.  New  Phil  Joam.  Na  80,  p.  246. 
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We  have  still,  however,  much  to  learn  heft>re  the  conversion  of  fossil 
bodies  into  stone  is  fully  understood.  Some  phenomena  seem  to  imply 
that  the  mineralization  must  proceed  with  considerable  rapidity,  for 
stems  of  a  soft  and  succulent  character,  and  of  a  most  ])erishable  nature, 
are  preserved  in  flint ;  and  there  are  instances  of  the  complete  silicifica- 
lion  of  the  young  leaves  of  a  palm-tree  when  just  about  to  shoot  forth, 
and  in  that  state  which  in  the  West  Indies  is  willed  the  cabbage  of  the 
palm.*  It  may,  however,  be  questioned  whether  in  such  cases  there 
may  not  have  been  some  antiseptic  quality  in  the  wiiter  which  re- 
tarded putrefaction,  so  that  tlio  soft  parts  of  the  buried  substance  may 
have  remained  for  a  long  time  without  disintegration,  like  the  flesh  of 
lodies  imbedded  in  peat 

Mr.  Stokes  has  pointed  out  examples  of  petrifactions  in  which  the 
more  perishable,  and  others  where  the  more  durable  portions  of  wood 
are  preserved.  These  variations,  he  suggests,  must  doubtless  have  de- 
pended on  the  time  when  the  lapidifying  mineral  was  introduced.  Thus, 
in  certain  sihcified  stems  of  palm-trees,  the  cellular  tissue,  that  most  de- 
structible part,  is  in  good  condition,  while  all  signs  of  the  hard  woody 
fibre  have  disappeare<l,  the  spaces  once  occupied  by  it  being  hollow  or 
fille<l  with  agate.  Here,  petrifaction  must  have  commenced  soon  after 
the  wocxl  was  exposed  to  the  action  of  moisture,  and  the  supply  of  min- 
eral matter  must  then  have  faile<l,  or  the  water  must  have  become  too 
much  diluted  before  the  wootly  fibre  decayed.  But  when  this  fibre  is 
alone  discoverable,  we  must  suppose  that  an  interval  of  time  elapsed  be- 
fore tlie  commencement  of  lapiditication,  during  which  the  cellular  tissue 
was  obliterated.  When  lK)th  structures,  namely,  the  cellular  and  tlio 
woody  fibre,  are  preserved,  the  process  must  have  commenced  at  an 
early  period,  and  continued  without  interruption  till  it  was  completed 
thiouglioutf 

♦  Stokes,  GeoL  Trans.  voL  v.  p.  212,  aecond  series, 
t  Ibid. 
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CHAPTER  V. 

ELEVATION     OP    STRATA    ABOVE    THE    8EA — HORIZONTAL    AND     INCUNED 

STRATIFICATION. 

Why  the  positioD  of  marine  strata,  above  the  level  of  the  sea,  should  be  referred 
to  the  rising  up  of  the  land,  not  to  the  going  down  of  the  sea — Upheaval  of 
extensive  masses  of  horizontal  strata — Inclined  and  vertical  stratification — An- 
ticlinal and  synclinal  lines — Bent  strata  in  east  of  Scotland — Theory  of  folding 
by  lateral  movement — Creeps — Dip  and  strike — Structure  of  the  Jura — Vari- 
ous forms  of  outcrop — Rocks  broken  by  flexure — Inverted  position  of  disturbed 
strata — Unconformable  stratification — Hutton  and  Playfair  on  the  same — Frac- 
tures of  strata — Polished  surfaces — Faults — Appearance  of  repeated  alterna- 
tions produced  by  them — Origin  of  great  faults. 

Lasd  has  been  raised^  not  the  sea  lowered, — It  has  been  already  stated 
that  the  aqueous  rocks  containing  marine  fossils  extend  over  wide  conti- 
nental tracts,  and  are  seen  in  mountain  chains  rising  to  great  heights 
above  the  level  of  the  sea.  Hence  it  follows,  that  what  is  now  dry  land 
was  once  under  water.  But  if  we  admit  this  conclusion,  we  must  im- 
agine, either  that  there  has  been  a  general  lowering  of  the  waters  of  the 
ocean,  or  that  the  solid  rocks,  once  covered  by  water,  have  been  raised 
up  bodily  out  of  the  sea,  and  have  thus  become  dry  land.  The  earlier 
geologists,  finding  themselves  reduced  to  this  alternative,  embraced  the 
former  opinion,  assuming  that  the  ocean  was  originally  imiversal,  and 
had  gradually  sunk  down  to  its  actual  level,  so  that  the  present  islands 
and  continents  were  left  dry.  It  seemed  to  them  far  easier  to  conceive 
that  the  water  had  gone  down,  than  that  solid  land  had  risen  upwards 
into  its  present  position.  It  was,  however,  impossible  to  invent  any  sat- 
isfactory hypothesis  to  explain  the  disappearance  of  so  enormous  a  body 
of  water  throughout  the  globe,  it  being  necessary  to  infer  that  the  ocean 
had  once  stood  at  whatever  height  marine  shells  had  been  detected.  It 
moreover  appeared  clear,  as  the  science  of  Geology  advanced,  that  certain 
spaces  on  the  globe  had  been  alternately  sea,  then  land,  then  estuaiy, 
then  sea  again,  and,  lastly,  once  more  habitable  land,  having  remained 
in  each  of  these  states  for  considerable  periods.  In  order  to  accoimt  for 
such  phenomena,  without  admitting  any  movement  of  the  land  itself  we 
are  required  to  imagine  several  retreats  and  returns  of  the  ocean  ;  and 
even  then  our  theory  applies  merely  to  cases  where  the  marine  strata 
composing  the  dry  land  are  horizontal,  leaving  unexplained  those  more 
common  instances  where  strata  are  inclined,  curved,  or  placed  on  their 
edges,  and  evidently  not  in  the  position  in  which  they  were  first 
deposited. 

Geologists,  therefore,  were  at  last  compelled  to  have  recourse  to  the 
other  alternative,  namely,  the  doctrine  that  the  solid  land  has  been  re- 
peatedly moved  upwards  or  downwards,  so  as  permanently  to  change  its 
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position  relatively  to  the  sea.  There  are  several  distinct  grounds  for 
preferring  this  conclusion.  First,  it  will  account  equally  for  the  position 
of  those  elevated  masses  of  marine  origin  in  which  the  stratification  re- 
mains horizontal,  and  for  those  in  which  tlie  strata  are  disturbed,  broken, 
inclined,  or  vertical.  Secondly,  it  is  consistent  with  human  experience 
that  land  should  rise  gradually  in  some  places  and  be  depressed  in 
others.  Such  changes  have  actually  occurred  in  our  own  days,  and  are 
now  in  progress,  having  been  accompanied  in  some  cases  by  violent  con- 
vulsions, while  in  others  they  have  proceeded  so  insensibly,  as  to  have 
been  ascertainable  only  by  the  most  careful  scientific  observations,  made 
at  considerable  intervals  of  time.  On  the  other  hand,  there  is  no  evi- 
dence from  human  experience  of  a  lowering  of  the  sea's  level  in  any 
region,  and  the  ocean  cannot  sink  in  one  place  without  its  level  being 
depressed  all  over  the  globe. 

These  preliminary  remarks  will  prepare  the  reader  to  understand  the 
great  theoretical  interest  attached  to  all  facts  connected  with  the  position 
<^  strata,  whether  horizontal  or  inclined,  curved  or  vertical. 

Now  the  first  and  most  simple  appearance  is  where  strata  of  marine 
origin  occur  above  the  level  of  the  sea  in  horizontal  position.  Such  are 
the  strata  which  we  meet  with  in  the  soutli  of  Sicily,  filled  with  shells 
for  the  most  part  of  the  same  sj)ecies  as  those  now  living  in  the  Mediter- 
ranean. Some  of  these  rocks  rise  to  the  height  of  more  than  2000  feet 
above  the  sea.  Other  mountain  masses  might  be  mentioned,  composed 
of  horizontal  strata  of  high  antiquity,  which  contain  fossil  remains  of 
animals  wholly  dissimilar  from  any  now  known  to  exist  In  the  south 
of  Sweden,  for  example,  near  Lake  Wener,  the  beds  of  one  of  the  oldest 
of  the  fo^liferous  deposits,  namely,  that  formerly  called  Transition,  and 
now  Silurian,  by  geologists,  occur  in  as  level  a  position  as  if  they  had 
recaitly  formed  part  of  the  delta  of  a  great  river,  and  been  left  dry  on 
the  retiring  of  the  annual  floods.  Aqueous  rocks  of  about  the  same  age 
extend  for  hundreds  of  miles  over  the  lake-district  of  North  America, 
and  exhibit  in  like  manner  a  stratification  nearly  undisturbed.  The 
Table  Mountain  at  the  Cape  of  Good  Hope  is  another  example  of  highly 
elevated  yet  perfectly  horizontal  strata,  no  less  than  3500  feet  in  thick- 
ness, and  consisting  of  sandstone  of  very  ancient  date. 

Instead  of  imagining  that  such  fossiliferous  rocks  were  always  at  their 
present  level,  and  that  the  sea  was  once  high  enough  to  cover  them,  we 
suppose  them  to  have  constituted  the  ancient  bed  of  the  ocean,  and  that 
they  were  gradually  uplifted  to  their  present  height  This  idea,  how- 
ever startling  it  may  at  first  appear,  is  quite  in  accordance,  as  before 
stated,  with  the  analogy  of  changes  now  going  on  in  certain  regions  of 
the  globe.  Thus,  in  parts  of  Sweden,  and  the  shores  and  islands  of  the 
Gulf  of  Bothnia,  proofe  have  been  obtained  that  the  land  is  experiencing, 
and  has  experienced  for  centuries,  a  slow  upheaving  movement.  Play- 
fiur  argued  in  favor  of  this  opinion  in  1802  ;  and  in  1807,  Von  Buch, 
after  his  travels  in  Scandinavia,  announced  his  con>iction  that  a  rising 
of  the  land  was  in  progress.    Celsius  and  other  Swedish  writers  had, 
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a  century  before,  declared  their  belief  that  a  p^radual  change  had^  for 
ages,  l>een  taking  place  in  the  relative  level  of  land  and  sea.  They  at- 
tributed the  change  to  a  fall  of  the  waters  both  of  the  ocean  and  the 
Baltic.  This  theory,  however,  has  now  been  refuted  by  abundant  evi- 
dence ;  for  the  alteration  of  relative  level  has  neither  been  universal  nor 
everywhere  uniform  in  quantity,  but  has  amounted,  in  some  regions,  to 
several  feet  in  a  century,  in  others  to  a  few  inches  ;  while  in  the  south- 
ernmost part  of  Sweden,  or  the  province  of  Scania,  there  has  been  actu- 
ally a  loss  instead  of  a  gain  of  land,  buildings  having  gradually  sunk 
below  the  level  of  the  sea.* 

It  appears,  from  the  observations  of  Mr.  Darwin  and  others,  that  very 
extensive  regions  of  the  continent  of  South  America  have  been  under- 
going slow  and  gradual  upheaval,  by  which  the  level  plains  of  Patagonia, 
covered  with  recent  marine  shells,  and  the  Pampas  of  Buenos  Ayres, 
have  been  raised  above  the  level  of  the  sea.f  On  the  other  hand,  the 
gradual  sinking  of  the  west  coast  of  Greenland,  for  the  space  of  more 
than  600  miles  from  north  to  south,  during  the  last  four  centuries,  has 
been  establislied  by  the  observations  of  a  Danish  naturalist.  Dr.  Pingel. 
And  while  these  proofs  of  continental  elevation  and  subsidence,  by  slow 
and  insensible  movement*?,  have  been  recently  brought  to  light,  the  evi- 
dence has  been  daily  strengthened  of  continued  changes  of  level  eifected 
by  violent  convulsions  in  countries  where  earthquakes  are  frequent.  There 
the  rocks  are  rent  from  time  to  time,  and  heaved  up  or  thrown  down 
several  feet  at  once,  and  disturbed  in  such  a  manner,  tliat  the  original 
position  of  strata  may,  in  the  course  of  centuries,  be  modified  to  any 
amount. 

It  lias  also  been  shown  bv  Mr.  Darwin,  that^  in  those  seas  where  cir- 
cular  coral  islands  and  barrier  reefs  abound,  there  is  a  slow  and  continued 
sinking  of  the  submarine  mountains  on  which  the  masses  of  coral  are 
based  ;  while  there  are  other  areas  of  the  South  Sea,  where  the  land  i* 
on  the  rise,  and  where  coral  has  been  upheaved  far  above  the  sea-level. 

It  would  require  a  volume  to  explain  to  the  reader  the  various  facts 
which  establish  the  realitv  of  these  movements  of  land,  whether  of  ele- 
vation  or  depression,  wliether  accompanied  by  earthquakes  or  accom- 
plished slowly  and  ^Wthout  local  disturbance.  Having  treated  fully  of 
these  subjects  in  the  Principles  of  Geology ,J  I  shall  assume,  in  the  present 
work,  that  such  changes  are  part  of  the  actual  course  of  nature ;  and 
when  admitted,  tlu'V  will  be  found  to  afford  a  key  to  the  interpretation 
of  a  variety  of  geological  appearances,  such  as  the  elevation  of  horizon 
tal,  inclined,  or  disturbed  marine  strata,  and  the  superposition  of  fresh- 

♦  In  the  first  three  editions  of  my  Principles  of  Geology,  I  expressed  many 
doubts  as  to  the  validity  of  the  alleged  proofs  of  a  gradual  rise  of  land  in  Sweden ; 
but  after  visiting  that  country,  in  1884,  I  retracted  these  objections,  and  published 
a  detailed  statement  of  the  observati(»ns  which  led  me  to  alter  my  opinion  in  the 
PhiL  Trans.  1835,  Part  L     See  also  the  Principles,  4th  and  subsequent  editions. 

f  See  his  Journal  of  a  Naturalist  in  Voyage  of  the  Beagle,  and  his  work  or 
Coral  Reefa. 

X  See  chapters  zxviiL  to  xzxl  inclusive. 


_  Ol  v.]  inclined  stratification.  47 

wnter  to  msrine  deposits,  afterwards  to  be  dcMribed,  It  will  also  appear, 
In  the  sequel,  how  much  light  the  doctrine  of  a  continued  subsidence  of 
Und  may  throw  on  the  manner  ia  which  a  series  of  stmtii,  formed  in 
aballow  w»t«r,  may  have  accumulated  to  a  great  liiickaeas.  The  exca- 
vation of  valleys  also,  and  other  effects  of  denudation,  of  which  I  shall 
presently  treat,  can  alone  be  understood  when  we  duly  appreciate  the 
proofe,  now  on  record,  of  the  prolonged  rising  and  sinking  of  land, 
throughout  wide  areas. 

To  conclude  this  subject,  I  may  remind  tlie  reader,  that  were  we  to 
embrace  the  doctrine  wLich  ascribes  tho  elevated  position  of  marine 
formations,  and  the  depression  of  certain  freshwater  strata,  to  oscillations 
■n  the  level  of  the  waters  instead  of  tho  land,  we  should  be  compelled  to 
admit  tlmt  the  ocean  has  been  sometimes  everywhere  much  shallower 
than  at  ]>resent,  and  at  others  more  than  three  miles  deeper. 

Inelineil  slralifiealion. — The  most  unequivoca!©?idence  of  a  changi" 
in  the  original  position  of  strata  is  afforded  by  their  standing  up  perpen- 
dicularly on  their  edges,  which  is  by  no  means  a  rare  ])henomenon,  es- 
pecially in  mountainous  countries.  Thus  we  find  in  Scotland,  on  the 
aoutliem  skirts  of  the  Grampians,  beds  of  pudding-stone  alternating 
with  thin  layers  of  fine  sand,  all  placed  vertically  to  the  horizon.  When 
Saussure  first  observe*!  certain  conglomar-  pj    gj 

ates  in  a  similar  position  in  tlie  Swiss  Alps, 
he  remarke<l  that  the  pebbles,  being  for  the 
most  part  of  an  oval  shape,  ha<l  their  , 
longer  axes  parallel  to  the  planes  of  strati- 
ficadon  (see  fig.  81),  From  this  lie  in- 
ferred, that  such  strata  must,  at  first,  have 
been  horiioctsl,  each  oval  pebble  having 
originally  settled  at  the  bottom  of  the  '^"""'  Mngiomcr.ie  ^n<i  »n.|.u.w. 
water,  with  its  flatter  side  parallel  to  the  hori/on  for  the  same  re.isoii 
that  an  egg  will  not  stsrad  on  either  end  if  unsupporte.1  Sinne  few,  in- 
deed, of  the  rounded  stones  in  a  eoiiglomerite  oieiisionally  nttViri  an 
exception  to  the  atwve  rule,  for  the  same  reason  thjt  ne  ^ec  on  a  shingle 
beach  some  oval  or  flat-sided  pebbles  restmg  on  tlieir  ends  or  edges ; 
these  having  been  forced  along  the  bottom  ani  against  e-ich  other  by  n 
wave  or  current  so  as  to  settle  in  (liis  position 

Vertical  strata,  when  they  can  Ite  traced  continuously  upwards  or 
downwards  for  some  depth,  are  almost  invariably  seen  to  be  parts  of 
great  curves,  which  may  have  ii  diameter  of  a  few  yards,  or  of  several 
miles,  I  shall  first  describe  two  ciiri-M  of  considerable  regularity,  which 
occur  in  Forfaishlre,  extending  over  a  country  twenty  miles  in  breadth, 
from  the  foot  of  the  Grampians  to  the  sea  near  Arbroath. 

Tlie  mass  of  strata  here  shown  may  be  nearly  2000  feet  in  tliicknesa, 
consisting  of  red  and  white  sandstone,  and  various  colored  shales,  the 
beds  being  distinguishable  into  four  principal  groujis,  namely.  No,  l,red 
marl  or  shale ;  No.  2,  red  sandstone,  used  for  building ;  No,  3,  conglom- 
erate ;  and  No.  4,  gray  pnving-stone,  and  tile-stone,  with  green  and  red- 


CURVED  STltATA. 


[QtT. 


disli  shale,  contftining  peculiar  organic  K- 
tnains.  A  glance  nt  the  section  will  show 
that  each  ol'  tlie  formations  2,  3,  4,  are  re- 
peated thrice  at  the  iur&ce,  twice  with  a 
southerly,  and  once  with  a  northerly  inclt- 
catiun  or  dip,  and  the  beds  in  No.  1,  which 
are  nearly  horizontal,  are  still  brought  up 
twice  by  a  slight  cun'ature  to  the  surface, 
once  on  eai^  side  of  A.  Beginning  at  the 
uorthwest  extremity,  the  tilc-stone»  and 
conglomerates  No.  4  and  No.  3  are  verti- 
cal, and  they  generally  form  a  ndge  par 
alld  to  the  southern  skirts  of  the  Grampi- 
ans. The  superior  strata  Nos.  2  and  1  be- 
come less  and  less  inclined  on  descending 
|fr  to  tlic  valley  of  Strnthmore,  where  the 
I2  strata,  having  a  concave  bead,  are  said  bv 
g  §  geologists  to  lie  in  a  "  trough"  or  "  basin." 
o|  Through  the  centre  of  this  valley  runs  an 
imaginary  line  A,  called  lechuioally  a 
"synclinal  line,"  where  the  beds,  which 
are  tilted  in  opposite  directions,  may  be 
supposed  to  meet.  It  is  most  important 
for  the  observer  to  mark  such  lines,  for  he 
will  perceive  by  the  diagram,  tliat  in  trav- 
elling from  the  nortli  to  the  centre  of  the 
basin,  he  b  always  passing  from  older  to 
newer  beds ;  whereas,  after  crossing  the 
line  A,  and  pursuing  his  course  in  the  same 
I  southerly  direction,  he  is  continually  leav- 
^  ing  the  newer,  and  advancing  upon  older 
strata.  All  the  deposits  which  he  had  be- 
fore examined  begin  tlien  to  recur  in  re- 
versed order,  until  he  arrives  at  tlie  central 
axis  of  the  Sidlaw  hills,  where  the  strata 
are  seen  to  form  an  arch  or  toddle,  having 
an  anliclinal  line  B,  in  the  centre.  On  passing  this  line,  and  continuing 
towards  the  S.  E.,  the  formations  4,  3,  and  2,  are  again  repeated,  in  tht- 
same  relative  order  of  superposition,  but  with  a  northerly  dip.  At  White- 
ness (see  diagram)  it  will  be  seen  that  the  inclined  strata  are  covered  by 
a  newer  deposit,  a,  in  horizontal  beds.  These  are  composed  of  red  conglom- 
erate and  sand,  and  are  newer  than  any  of  the  groups,  1,  S,  3,  4,  before  de- 
scribed, and  rest  uneon/ormablff  upon  strata  of  the  sandstone  gronp.  No.  2. 
An  example  of  curved  strata,  in  which  the  bends  or  convolutions  of 
the  rock  are  sharper  and  far  more  numerous  within  an  eqnal  space,  has 
been  well  described  by  Sir  James  Hall*  It  occurs  near  St.  Abb's  Head. 
•  Xdin.  Tiano.  vol  Til  pL  S. 
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Ob.  t.]  exferucents  to  illustrate  curved  strata.         4« 

on  iLe  east  ooMt  of  Scotlfknd,  where  the  rocks  consist  princiiially  uf  n 
btui!<li  slftte,  hating  frequently  a  ripple-marked  surface.  The  umhilations 
At'  the  beds  reach  from  the  top  to  the  bottom  of  clifis  from  300  to  300 


r^-et  i:i  h.<;;;1>t,  uii.l  th> 
at>jiit  six  miles,  the  < 
ward". 

An  experiment  v 
Irating  the  manner  : 
originally  horizontal, 
irt  of  layeiB  of  clay 


Hii   h  tiiKt  Unliii 
■4  Idug  ilteruitteh  e 


mile  bj  Sir  James  Hall  inth  ii  view  of  lUua 
fhith  sulIi  btratii  as.<ummg  tliem  lo  ha\e  been 
IV  hive  been  forced  into  their  present  position  A 
e  placed  under  a  weight,  and  their  opposite  ends. 
pressed  towards  each  other  with  such  force  us  to  cause  them  to  approach 
more  nearly  together.  On  the  removal  of  the  weight,  tlie  layers  of  clay 
were  found  to  be  cun-ed  and  folded  so  os  to  bear  a  miniature  resemblance 
to  the  strata  in  the  cliffs.  We  must  howner  bear  in  raind  th'it  in  the 
natural  (lectiou  or  sea-cliff  we  oiilj  see  the  foldings  imperfectly  one  part 
being  inmible  beneath  the  sea,  and  the  other  or  upper  portion  being 
suppoeed  to  have  been  carried  avi  ay  hy  denudation,  or  that  action  of 


water  which  will  be  eitplained  in  the  next  chapter.  The  dark  lines  iti. 
the  accompanying  plan  (fig,  64)  represent  what  is  actually  seen  of  the 
ctratK  in  part  of  the  line  of  cliff  alluded  to ;  the  fainter  lines,  that  por- 
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tion  which  is  conwaled  beneath  the  sea-level,  aa  also  that  which  la  snp- 
posed  to  hare  once  existed  above  the  present  suriace. 

We  may  still  more  easily  illustrate  the  effects  which  a  lateral  thnwt 
might  produce  on  flexible  stratx,  by  placing  several  pieces  of  differently 
colored  cloths  upon  a  table,  and  when  tliey  are  spread  out  horizontallr. 


cover  them  with  a  book.  Then  applv  other  books  to  each  end,  and  force 
them  towards  each  other-  The  folding  of  the  cloths  will  exactly  imitate 
those  of  the  bent  strata.     (See  fig.  65.) 

Whether  the  Hnalogous  flexures  in  stratified  rocks  have  really  been 
due  to  aimiUr  sidew ay  movements  is  a  (jucstion  of  considerable  difBcul^. 
It  will  appear  when  the  volcanic  and  granitic  rocks  are  described,  that 
some  of  them  have,  when  melted,  Iwen  injected  forcibly  into  fissures, 
while  others,  already  in  a  solid  stnte,  have  been  protruded  upwards 
through  the  incumbent  crust  of  the  cartli,  by  which  a  great  displace- 
ment of  flexible  strata  must  have  been  caused. 

But  we  also  know  by  tlic  study  of  regions  liable  to  earthquokes,  that 
there  are  causes  at  work  in  the  interior  of  the  earth  capable  of  producing 
a  sinking  in  of  the  ground,  sometimes  very  local,  but  sometimes  extcnd- 
;  ing  over  a  wide  area.  The  freqiient  repetition,  or  continuance  tliroughout 
;long  i^riods,  of  such  downward  movemenis  seems  to  imply  the  formation 
.  and  renewal  of  cavities  nt  a  certain  depth  below  the  surface,  whether  by 
the  removal  of  matter  by  volcanoes  aiid  hot  springs,  or  by  the  contrac- 
tion of  argillaceous  rocks  by  heat  and  prewnrc,  or  any  other  combination 
■  of  circumstances.  Whatever  conji'ctures  we  may  indulge  respecting  the 
.  causes,  it  is  cert-iin  that  pliable  beds  may,  in  consequence  of  unequal 
-degrees  of  subsidence,  become  folded  to  any  omount,  and  have  all  the 
.'^pe;iranco  of  having  been  compressed  suddenly  by  a  lateral  thrust 

Tlie  "Creeps,"  as  they  are  called  in  coal-mines,  afford  an  excellent  il- 
lustration of  this  fact — First,  it  may  be  stated  generally,  that  the  exca- 
.vatifHi  of  coal  at  a  considerable  depUi  causes  the  mass  of  overling  strata 
.to  aink  down  bodily,  even  when  props  are  left  to  support  the  roof  of  the 
mine.  "'In  Yorkshire,"  says  Mr.  Buddie,  "three  distinct  subsidences 
were  perceptible  at  the  surface,  after  the  clearing  out  of  tJiree  scams  of 
coal  below,  and  innumerable  vertical  cracks  were  caused  in  the  incum- 
bent msas  of  sandstone  and  shale,  which  tims  settled  down."*     The  ex- 

•  Proceedmgt  of  OeoL  Soc  vol.  iii.  p.  148. 
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act  amoiuit  of  depreesioa  in  these  cases  cnn  only  be  BCcuralely  ineiuured 
where  water  accuraulatce  on  the  surface,  or  a  rnilwsy  traverses  a  a>al-6eld. 
When  a  bed  of  coal  is  worked  out,  pillars  or  rectangular  masses  of 
coal  are  left  at  interrals  oa  props  to  support  the  roof  and  protect  tlie 
collierB.     Thus  in  fig.  66,  representing  a  section  at  Wallsend,  Newcastle, 


the  galleries  which  have  been  excavated  are  represented  bv  the  whitw 
spaces  a  b,  while  the  adjoining  dark  portions  are  parts  of  the  nrjginnl 
ooal-eeam  left  as  props,  beds  of  sandy  clay  or  shale  constituting  the  floor 
of  the  mine.    When  the  props  have  been  reduced  in  size,  they  are  pressed 
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down  by  the  weight  of  overlying  rocks  (no  lees  than  630  feet  thick) 
upon  the  shale  below,  which  is  thereby  squeezed  and  forced  up  into  the 
open  spaces. 

Now  it  might  have  been  expected,  that  instead  of  the  floor  rising  up^ 
the  ceiling  would  sink  down,  and  this  effect,  called  a  "Thrust,"  does,  in 
fact,  take  place  where  the  pavement  is  more  solid  than  the  roof.  But  it 
usually  happens,  in  coal-mines,  that  the  roof  is  composed  of  hard  shale, 
or  occasionally  of  sandstone,  more  unyielding  than  the  foundation,  which 
often  consists  of  clay.  Even  where  the  argillaceous  substrata  are  hard 
at  first,  they  soon  become  softened  and  reduced  to  a  plastic  state  when 
exposed  to  the  contact  of  air  and  water  in  the  floor  of  a  mine. 

The  first  sjrmptom  of  a  "  creep,"  says  Mr.  Buddie,  is  a  slight  curvature 
at  the  bottom  of  each  gallery,  as  at  a,  fig.  66 ;  then  the  pavement  con- 
tinuing to  rise,  begins  to  open  with  a  longitudinal  crack,  as  at  6 ;  then 
the  points  of  the  fractured  ridge  reach  the  roofi  as  at  c  ;  and,  lastly,  the 
upraised  beds  close  up  the  whole  gallery,  and  the  broken  portions  of  the 
ridge  are  reunited  and  flattened  at  the  top,  exhibiting  the  flexure  seen  at 
d.  Meanwhile  the  coal  in  the  props  has  become  crushed  and  cracked  by 
pressure.  It  is  also  found,  that  below  the  creeps  a,  6,  c,  rf,  an  inferior 
stratum,  called  the  "  metal  coal,"  which  is  3  feet  thick,  has  been  fractured 
at  the  points  «,  /,  ^,  h,  and  has  risen,  so  as  to  prove  that  the  upward 
movement,  caused  by  the  working  out  of  the  "main  coal,"  has  be^ 
propagated  through  a  thickness  of  54  feet  of  argillaceous  beds,  whidi 
intervene  between  the  two  coal  seams.  Tliis  same  displacement  has  also 
been  traced  downwards  more  than  150  feet  below  the  metal  coal,  but  it 
grows  continually  less  and  less  until  it  becomes  imperceptible. 

No  part  of  the  process  above  described  is  more  deserving  of  our  no- 
tice than  the  slowness  w^th  which  the  change  in  the  arrangement  of  the 
beds  is  brought  about  Days,  months,  or  even  years,  will  sometimes 
elapse  between  the  first  bending  of  the  pavement  and  the  time  of  its 
reaching  the  roof.  Where  the  movement  has  been  most  rapid,  the  cun'- 
ature  of  the  beds  is  most  regular,  and  the  reunion  of  the  fractured  ends 
most  complete ;  whereas  the  signs  of  displacement  or  violence  are  great- 
est in  those  creeps  which  have  required  months  or  years  for  their  entire 
accomplishment  Hence  we  may  conclude  that  similar  changes  may 
have  been  wrought  on  a  larger  scale  in  the  earth's  crust  by  partial  and 
gradual  subsidences,  especially  where  the  ground  has  been  undermined 
throughout  long  periods  of  time ;  and  we  must  be  on  our  guard  against 
inferring  sudden  violence,  simply  because  the  distortion  of  the  beds  is 
excessive. 

Between  the  layers  of  shale,  accompanying  coal,  we  sometimes  see 
the  leaves  of  fossil  ferns  spread  out  as  regularly  as  dried  plants  between 
sheets  of  paper  in  tlie  herbarium  of  a  botanist.  These  fern-leaves,  or 
fronds,  must  have  rested  horizontally  on  soft  mud,  when  first  deposited. 
If,  therefore,  they  and  the  layers  of  shale  are  now  inclined,  or  standing 
on  end,  it  is  obviously  the  effect  of  subsequent  derangement  The  prooi 
becomes,  if  possible,  still  more  striking  when  these  strata,  indyding 
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Tegetable  rernaiiu,  are  curved  again  and  again,  and  even  folded  into  the 
form  of  the  letter  Z,  so  that  die  same  continuous  layer  of  coal  is  cut 
through  iteverat  times  to  the  same  perpendicular  shaft.  Thus,  in  the 
coal-field  near  Mons,  in  Belgium,  these  zigzag  l>endings  ;iro  reiHiated  four 


Fig.  (I. 


Zrgug  flainnt  of  col  aea  Moiu. 

or  five  times,  in  tlie  manner  represented  in  fig.  67,  the  black  lines  repre- 
lenting  seams  of  coal.* 

J)ip  and  strike. — In  the  above  remarks,  several  technical  terms  have 
been  used,  such  as  dip,  tlie  unconformable  jxmliim  of  strata,  and  the 
anticlinal  and  iifnclinal  lines,  which,  as  well  aa  the  strike  of  tlie  beds,  I 
shall  now  explain.  If  a  stratum  or  bed  of  rock,  inal«ftd  of  being  quite 
level,  be  inclined  to  one  side,  it  is  said  to  dip  ;  the  point  of  the  compass 
to  which  it  is  inclined  is  called  the  point  of  dtp,  and  the  degree  of  devi- 
ation from  a  level  or  horizontal  line  is  called  iht  amount  of  dip,  or  the 
angh  of  dip.  Thus,  in  tlie  annexed 
diagram  (fig.  68),  a  series  of  strata 
are  inclineil,  and  they  dip  to  the  north 
at  an  angle  of  forty-five  degrees.  The 
strike,  or  line  of  bearing,  is  tlie  pro- 
longation or  extension  of  the  strata 


J^ 


in  a  direction  at  right  angles  to  the  dip ;  and  hence  it  is  sometimes  called 
the  dirtction  of  the  strata.  Thus,  in  Uie  above  instance  of  strata  dipping 
to  the  nortli,  their  strike  must  necessarily  be  east  and  west.  We  have 
borrowed  the  word  from  the  German  geologists,  stretrhen  signifying  to 
extend,  to  have  a  certwn  direction.  Dip  and  strike  may  be  aptly  illus- 
tiated  by  a  row  of  houses  running  east  and  west,  the  long  ridge  of 
the  roof  representing  the  strike  of  the  stratum  of  states,  which  dip  on 
one  nde  to  the  north,  and  on  tlie  other  to  the  south. 

A  stratum  which  is  horizontal,  or  quite  level  in  all  directions,  has 
neither  dip  nor  strike. 

It  is  always  important  for  the  geologist,  who  is  endeavoring  to  com- 
prehend the  structure  of  a  country,  to  learn  how  the  bods  dip  in  every 
part  of  the  district ;  but  it  requires  some  practice  to  avoid  being  occa- 
■ionatly  deeeiveil,  both  oa  to  the  point  of  dip  and  the  amount  of  it 

•  See  plan  by  M.  Chavalier,  Bnmt'a  D'Anbulmon,  tom.  il  p.  iU. 
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If  the  upper  surface  of  a  hard  stony  stratum  be  UDCovered,  irhetliw 
artificially  in  a  quarry,  or  by  the  waves  at  tfap  foot  of  a  cliff,  it  ia  eaij 
to  determine  towards  what  point  of  the  compasa  the  slope  is  Htcepest,  or 
in  what  direction  water  would  flow,  if  poured  upon  it.  Tliis  is  the  true 
dip.  But  tlie  edges  of  highly  inclined  strata  may  give  rise  to  perfectly 
horizontal  lines  in  the  face  of  a  vertical  cliff,  if  the  observer  see  the 
strata  in  the  line  of  their  strike,  the  dip  being  inwards  from  the  fac«  of 
the  cliff.  J!,  however,  wo  corae  to  a  break  in  the  cliff,  which  exhibits  a 
section  exactly  at  right  angles  to  the  line  of  tlie  strike,  we  arc  then  able 
to  ascertain  the  true  dip.  In  tlie  annexed  drawing  (fig.  60),  we  may 
suppose  a  headland,  one  side  of  which  faces  to  the  nortli,  where  tlia 


beds  would  appear  perfectly  horizontal  to  a  person  in  the  boat;  while  in 
the  other  side  facing  the  west,  the  true  dip  would  be  seen  by  the  person 
on  shore  to  be  at  an  angle  of  40°.  If,  therefore,  our  observations  are 
confined  to  a  vertical  precipice  facing  in  one  direction,  we  must  endeavor 
to  find  a  ledge  or  portion  of  the  plane  of  one  of  the  beds  projecting  be- 
yond the  others,  in  order  to  ascertain  the  true  dip. 

It  is  rarely  imjwrtant  to  determine  the  angle  of  inclination  with  such 
minuteness  as  to  require  the  aid  of  the  instrument  called  a  clinometer. 
We  may  measure  the  angle  within  a  few  degrees  by  standing  exactly 
tif,n,  opposite  to  a  chff  where  the  true  dip  is 

exhibited,  holding  the  hands  immediately 
before  the  eyes,  and  placing  the  fingers  of 
ooe  in  a  perpendicular,  and  of  the  other  in 
a  horizontal  position,  as  in  fig.  70.  It  is 
thus  easy  to  discover  whether  the  lines  of 
the  inclined  beds  bisect  the  angle  of  90^, 
formed  by  the  meeting  of  the  hands,  bo  as 
to  give  an  angle  of  45°,  or  whether  it 
would  divide  the  space  into  two  equal  or 
unequal  portions.  The  upper  dotted  line 
may  express  a  stratum  dipping  to  the  north  ;  but  should  the  beds  dip 
precisely  to  the  opposite  point  of  tb«  compass  as  in  the  lower  dotted 
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liiie^  it  will  be  seen  that  the  amount  of  inclination  may  still  be  measured 
hj  the  hands  with  equal  facility. 

It  has  been  already  seen,  in  describing  the  curved  strata  on  the  east 
coast  of  Scotland,  in  Forfiinhire  and  Dernickshire,  that  &  series  of  con- 
cave and  conrei  bendings  are  occasionally  repeated  several  times.  These 
usually  form  part  of  a  series  of  parallel  waves  of  strata,  which  are  pro- 
longed in  the  same  direction  throughout  a  considerable  extent  of  country. 
Tlius,  for  exaraplev  in  the  Swiss  Jura,  that  lofty  chain  of  mountains  lias 
been  proved  to  consist  of  many  parallel  ridges,  with  intervening  longi- 
tudinal valleys,  as  in  fig.  71,  the  ridges  being  formed  by  curved  fossilif 
t-roua  strata,  of  which  the  nature  anil  dip  are  occasionally  displayed  in 
deep  transverse  gorges,  called  "  cluses,"  caused  by  fractures  at  right  angles 
to  the  direction  of  the  chain.*  Now  let  us  suppose  these  ridges  and 
parallel  valleys  to  run  north  and  south,  we  should  then  say  that  the 
ttrite  of  the  beds  is  nortli  and  south,  and  the  dip  CHst  and  west.  Lines 
drawn  along  the  summits  of  the  ridges.  A,  B,  would  be  anticlinal  lines, 
»nd  one  following  the  bottom  of  tlio  adjoining  valleys  a  synclinal  line. 

Fig.  II. 


of  tlie  Bwlai  Jura. 

It  will  be  observed  that  some  of  these  ridges,  A,  B,  are  unbroken  on  the 
summit,  whereas  one  of  them,  C,  has  been  fractured  along  the  line  of 
strike,  and  a  portion  of  it  carried  away  by  denudation,  so  tJist  the  ridges 
of  the  beds  in  the  formations  a,  b,  c,  come  out  to  the  day,  ori  as  the 
^   ___  ^__  ^        miners  say,  crop  out,  on  the  sides 

k-alley.  The  ground  plan  of 
I  such  a  denuded  ridge  as  C,  as  given 
i  in  a  geological  map,  may  be  ex- 
I  pressed  by  the  diagram  fig.  7Z,  and 
':  the  cross  section  of  the  same  by 
;  fig.  73.  The  line  D  E,  %  72,  is 
tlie  anticlinal  line,  on  each  side  of 
which  the  dip  is  in  opposite  direc- 


OroqDd  plan  of 


i<  itcnnded  ridga  C,  a^ 
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lions,  M  eitpreaaed  by  the  hitowb.  The  emergwice  of  straU  at  the  bid^ 
face  is  called  by  miners  their  outcrop  or  battel. 

li,  instead  of  being;  folded  into  parallel  ridjfes,  the  beds  form  a  boM 
or  dome^haped  protuberanoe,  and  if  we  suppose  tlie  snmniit  of  the 
dome  carried  off,  the  ground  plan  would  exhibit  the  edges  of  the  atrata 
fonaing  a  succession  of  cirdes,  or  ellipses,  round  a  common  centie. 
Ihese  circles  arc  the  lines  of  strike,  and  the  dip  being  always  at  ri^t 
an^ea  is  inclined  in  the  course  of  the  circuit  to  every  point  of  the  com- 
pass, constituting  what  is  termed  a  qua-quaversal  dip — that  ia,  turning 
each  way. 

There  are  endless  variations  in  the  figures  described  by  the  basset- 
edges  of  the  strata,  according  to  the  different  inclination  of  the  beds, 
and  the  mode  in  which  tliey  happen  to  have  been  denuded.  One 
of  the  Biiiiplest  rules  with  which  every  geologist  should  be  acquainted, 
relates  to  the  V-like  form  of  the  beds  as  they  crop  out  in  an  ordinary 
valley.  First,  if  tlte  strata  be  horizontal,  the  V-Iike  form  will  be 
also  on  a  level,  and  tlio  newest  strata  will  appear  at  the  greateat 
heights. 

Secondly,  if  the  beds  be  inclined  and  intersected  by  n  valley  sloping 
in  the  siime  direction,  and  the  dip  of  the  beds  be  less  steep  than  the 
slope  of  the  valley,  then  the  V's,  as  they  are  often  termed  by  miners, 
nill  point  upwards  (see  fig.  74),  those  formed  by  the  newer  beds  appear- 
t  superior  position, 
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and  extending  highest  up 
the  valley,  as  A  is  seen 
above  B. 

Thirdly,  if  the  dip  of  the 
beds  be  steeper  than  the 
slope  of  the  valley,  then 
the  V'a  will  point  down- 
wards (see  fig.  75),  and 
those  formed  of  the  olda 
beds  will  now  appear  up- 
permost, as  B  appears  above 

Fourthly,  in  every  case 
where  the  strata  dip  in  a 
contrary  direction  to  the 
slope  of  the  valley,  what- 
ever be  the  angle  of  incli- 
nation, the  uower  beds  will 
appear  the  highest,  aa  in 
the  first  and  second  cases. 
Tliis  is  shown  hy  the  draw- 
ing (fig.  70),  which  eihib- 
ita  strata  rising  at  an  angle 
of  20°,    and     crossed     li^ 
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n  valley,  ivliicli  declines  in  an 
oppoeit*  direction  at  20° .• 

These  rules  inny  often  be  of 
great  praeticHl  utility;  for 
the  different  degrees  of  dip 
occurring  in  flie  two  cases 
represented  in  figures  74  and 
75,  may  oc<:ni>ional1y  be  en- 
countered in  following  die 
same  line  of  llcxure  at  points 
ft  few  miles  distant  from 
eJich  other.  A  miner  un- 
Hcquaintcd  iviih  the  rule, 
who  had  first  explored  the  valley  (fig.  74),  may  have  sunk  a  verUcal 
shaft  below  the  coal-seam  A,  until  he  reached  the  inferior  bed  B.  He 
might  then  piias  to  the  valley  fig.  75,  and  discovering  there  also  the  out- 
crop of  two  small  coal-scama,  might  hegin  hb  workings  in  the  upper- 
most in  the  expectation  of  coining  down  fo  the  oilier  bed  A,  which 
would  be  observed  cropping  out  lower  down  the  valley.  ISut  a  glance 
at  the  nectjon  will  demonstrate  the  futility  of  such  hopes. 

In  the  majority  of  cnses,  an  nntjulinal  axis  forms  a  ridge,  and  a  syn- 
clinal axis  a  valley,  as  in  A,  D,  fig.  62,  p.  48 ;  but  there  are  exceptions 
to  (his  rule,  the  beds  sometimes  sloping  in- 
wards from  either  side  of  a  mountain,  as  in 
fig.  77. 

On  following  one  of  the  anticlinal  ridges 
of  the  Jur.i,  before  mentioned.  A,  B,  C,  fig. 
71,  we  often  discover  longitudinal  cracks  and 
sometimes  large  fissures  along  the  line  where 
Some  of  these,  as  above  statod,  have  been  en- 
isiderable  width,  ;is  at  0,  fig.  71, 
which  follow  tlie  line  of  strike,  and  which  we  may  supixjse  to  have  been 
hollowed  out  at  the  time  when  these  rocks  were  still  beneath  the  level  of 
the  sea,  or  perhaps  at  the  period  of  their  gradual  emergence  from  be- 
neath the  watere.  The  existence  of  such  cracks  at  the  point  of  the 
sharpest  bending  of  solid  strata  of  limestone  is  precisely  what  we  should 
have  expected;  but  the  occasional  want  of  all  similar  signs  of  fi'acture, 
even  where  the  strain  has  been  greatest,  as  at  o,  fig.  71,  is  not  alwa)^ 
euy  to  explain.  We  must  imagine  that  many  strata  of  limestone,  chert, 
and  other  rocks  which  are  now  brittle,  were  pliant  when  bent  into  their 
prasent  poation.     They  may  have  owed  their  flexibility  in  part  to  the 

*  I  am  indebted  to  the  kiaduess  of  T.  Sopwith,  Eaq.,  (nr  three  models  which  I 
have  copied  in  the  sbo'a  diagriuiw;  bat  the  beginner  mnj  find  it  bj  no  means 
euy  to  understand  such  copies,  sltbougli,  if  he  were  to  enLOiinc  and  hsndle  the 
origincbi,  tDming  thctn  about  in  difTereat  wajs,  he  would  at  once  comprehend 
tbnr  meaning,  as  well  as  the  import  of  others  fhr  more  complicated,  which  th* 
Mme  engineer  has  construeted  to  illustrute  ftaUU. 


the  flexure  was  greatest. 

laired  by  denudation  into  valleys  of  c< 
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fluid  matter  which  they  contained  in  their  minute  pores,  as  before 
described  (p.  35),  and  in  part  to  the  permeation  of  sea- water  while  they 
were  yet  submerged. 

At  the  western  extremity  of  the  Pyrenees,  great  curvatures  of  tlie 
strata  are  seen  in  the  sea  clif&,  where  the  rocks  consist  of  marl,  grit,  and 
chert    At  certain  points,  as  at  a,  fig.  78,  some  of  the  bendings  of  the 
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StTftU  of  chert,  grit,  and  marl,  near  St  Jean  de  Luz. 


Fig.  79. 


flinty  chert  are  so  sliarp,  tliat  specimens  might  be  broken  ofl^,  well  fitted 
to  serve  as  ridge-tiles  on  the  roof  of  a  house.  Although  this  chert 
could  not  have  been  brittle  as  now,  when  first  folded  into  this  shape,  it 
presents,  novprtheloss,  here  and  there  at  the  j>oints  of  greatest  flexure 
small  cracks,  which  show  that  it  was  solid,  and  not  wholly  incapable  of 
breaking  at  the  period  of  its  displacement.  The  numerous  rents  alluded 
to  are  not  empty,  but  filled  with  chalcedony  and  quartz. 

Between  San  Caterina  and  Castrogiovanni,  in  Sicily,  bent  and  undu- 
lating gyj>se6us  marls  occur,  Nvith  here  and  there  thin  beds  of  solid 

gypsum  interstratified.  Sometimes  these 
solid  layers  have  l>een  broken  into  detached 
fragments,  still  preserving  their  sharp  edges 
{o  Ut  %•  '^^)»  while  the  continuity  of  the 
more  pliable  and  ductile  marls,  m  m,  has 
not  Wn  interrupted. 

I  shall  conclude  my  remarks  oh  bent 
strata  by  stating,  that,  in  mountainous  re- 
ff.  gypsum,      m.  marl.  gious  like  the  Alps,  it  is  often  diflScult  for 

an  experienced  geologist  to  determine  correctly  the  relative  age  of  beds 
by  superposition,  so  often  have  the  strata  been  folde<l  back  upon  them- 
"Olives,  the  upper  parts  of  the  curve  h.iving  been  removed  by  denudation. 
Thus,  if  we  met  with  the  strata  seen  in  the  section  fig.  80,  we  should 

naturally  suppose  that  there  were  twelve 
distinct  beds,  or  sets  of  beds.  No.  1  being 
the  newest,  and  No.  12  the  oldest  of  the 
series.  But  this  section  may,  perhaps, 
exhibit  merely  six  beds,  which  have  been 
folded  in  the  manner  seen  in  fig.  81,  so  that  each  of  them  is  twice  re- 
peated, the  position  of  one-half  being  reversed,  and  part  of  No.  1,  origi- 
nally the  uppermost^  having  now  become  the  lowest  of  the  series,  lliese 
phenomena  are  often  observable  on  a  magnificent  scale  in  certain  regions 
in  Switzerland  in  precipices  from  2000  to  3000  feet  in  perpendicular 
height    In  the  Iseltcn  Alp,  in  the  valley  of  the  Lutschine,  between 
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Unterseen  and  Grindelwald,  curves  of  calcareous  shale  are  seen  fiwn 
lOOO  to  1500  fe«t  in  height,  in  which  the  beds  eometiines  plunge  down 
Terticallv  for  a  depth  of  1000  feet  and  more,  before  they  bend  round 
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again.     There  are  many  flexures  not  inferior  in  dinienaions  in  the  Pyre- 
nees, as  those  near  Gavarnie,  at  the  base  of  Mount  Perdu. 

Unconformable  ttralifcalion. — Strata  are  said  to  be  unconformable, 
when  one  series  is  so  placed  over  another,  that  the  planes  of  the  superior 
repose  on  the  edges  of  the  inferior  (see  fig.  83).     In  this  case  it  is  evi- 
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dent  tliat  a  period  had  elapsed  between  the  production  of  the  two  seta 
of  stnta,  and  that,  during  this  interval,  the  older* series  had  been  tilted 
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and  disturbed.  Afterwards  the  upper  series  was  thrown  down  in  hori- 
zontal strata  upon  it.  If  these  superior  beds,  as  d,  d,  fig.  83,  are  also 
inclined,  it  is  plain  that  the  lower  strata, a,  a,  have  been  twice  displaced; 
first,  before  the  deposition  of  the  newer  beds,  rf,  d,  and  a  second  time 
when  these  same  strata  were  thrown  out  of  the  horizontal  position. 

Playfair  has  remarked*  that  this  kind  of  junction,  which  we  now  call 
unconformable,  had  been  described  before  the  time  of  Hutton,  but  that 
he  was  the  first  geologist  who  appreciated  its  importance,  as  illustrating 
the  high  antiquity  and  great  revolutions  of  the  globe.  He  had  observed 
that  where  such  contacts  occur,  the  lowest  beds  of  the  newer  series  very 
generally  consist  of  a  breccia  or  conglomerate  consisting  of  angular  and 
rounded  fragments,  derivetl  from  the  breaking  up  of  the  more  ancient 
rocks.  On  one  occasion  the  Scotch  geologist  took  his  two  distinguished 
pupils,  Playfiiir  and  Sir  James  Hall,  to  the  clifls  on  the  east  coast  of 
Scotland,  near  the  village  of  Eyemouth,  not  far  from  St.  Abb's  Head, 
where  the  schists  of  the  Lammermuir  range  are  undermined  and  dis- 
sected by  the  sea.  Here  the  curved  and  vertical  strata,  now  known  to 
be  of  Silurian  age,  and  which  often  exhibit  a  ripple-marked  surface,f  nro 
well  exposetl  at  the  headland  called  the  Siccar  Point,  penetrating  with 
their  edges  into  the  incumbent  beds  of  slightly  inclined  sandstone,  in 
which  large  pieces  of  the  schist,  some  round  and  others  angular,  are 
united  by  an  arenaceous  cement.  "  What  clearer  evidence,"  exclaims 
Playfair,  "  could  we  have  had  of  the  different  formation  of  these  rocks, 
and  of  the  long  interval  which  separated  their  formation,  had  we  actually 
seen  them  emerging  from  the  bosom  of  the  deep  ?  We  felt  ourselves 
necessarily  carried  back  to  the  time  when  the  schistus  on  which  we  stood 
was  yet  at  the  bottom  of  the  sea,  and  when  the  sandstone  before  us  was 
only  beginning  to  be  deposited  in  the  shape  of  sand  or  mud,  from  the 
waters  of  a  superincumbent  ocean.  An  epoch  still  more  remote  pre- 
sented itself,  when  even  the  most  ancient  of  these  rocks,  instead  of 
standing  upright  in  vertical  beds,  lay  in  horizontal  planes  at  the  bottom 
of  the  sea,  and  was  not  yet  disturbed  by  that  immeasurable  force  which 
has  burst  asunder  the  solid  pavement  of  the  globe.  Revolutions  still 
more  remote  appeared  in  the  distance  of  this  extraordinary-  perspective. 
The  mind  seemed  to  grow  giddy  by  looking  so  far  into  the  abyss  of 
time ;  and  while  we  listened  with  earnestness  and  admiration  to  the 
philosopher  who  was  now  unfolding  to  us  the  order  and  series  of  these 
wonderful  events,  we  became  sensible  how  much  farther  reason  may 
sometimes  go  than  imagination  can  venture  to  follow."J 

In  the  frontispiece  of  this  volume  the  reader  will  see  a  view  of  this 
classical  spot,  reduced  from  a  large  picture,  faithfully  sketched  and  col- 
ored from  nature  by  the  youngest  son  of  the  late  Sir  James  Hall.  It 
was  impossible,  however,  to  do  justice  to  die  original  sketch,  in  an  en- 

*  Biographical  account  of  Dr.  Hutton. 

f  See  above,  p  49  and  section. 

i  PUyfair,  ibid.;  see  his  Works,  Edin.  1822,  vol  iv.  p.  81. 
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graving,  as  the  contrast  of  the  red  sandstone  and  tlie  light  fawn-colored 
vertical  schists  could  not  be  expressed.  PVom  the  point  of  view  here 
selected,  the  underlying  beds  of  the  perpendicular  schist,  a,  are  visible 
at  b  through  a  small  opening  in  the  fractured  beds  of  the  covering  of  red 
sandstone,  d  d,  while  on  the  vertical  face  of  the  old  schist  at  a'  a"  a 
conspicuous  ripple-mark  is  displayed. 

It  often  happens  that  in  the  interval  between  the  deposition  of  two 
sets  of  unconformable  strata,  tlie  inferior  rock  has  not  only  been  denuded, 
but  drilled  by  perforating  shells.  Thus,  for  example,  at  Autreppe  and 
Ciusigny,  near  Mons,  beds  of  an  ancient  (paleozoic)  hmestone,  highly 
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Junction  of  anconfonnftble  strata  near  Mons,  In  Belgiam. 

mdined,  and  often  bent,  are  covered  with  horizontal  strata  of  greenish 
and  whitish  marls  of  the  CrcUiceous  fonnation.  The  lowest  and  there- 
fore the  oldest  bed  of  the  horizontal  series  is  usually  the  sand  and  con- 
glomerate, a,  in  which  are  rounded  fragments  of  stone,  from  an  inch  to 
two  feet  in  diameter.  These  fragments  have  often  adhering  shells  at- 
tached to  them,  and  have  been  bored  by  perforating  moUusca.  The 
solid  surface  of  the  inferior  limestone  has  also  been  bored,  so  as  to  ex- 
hibit cylindrical  and  pear-shapal  cavities,  as  at  c,  the  work  of  saxicavous 
mollusca ;  and  many  rents,  as  at  6,  which  descend  several  feet  or  yards 
into  the  limestone,  have  been  filled  with  sand  and  shells,  similar  to  those 
in  the  stratum  a. 

Fractures  of  the  strata  and  faults, — Numerous  rents  may  often  be 
seen  in  rocks  which  appear  to  have  been  simply  broken,  the  separated 
parts  remaining  in  the  same  places ;  but  we  often  find  a  fissure,  several 
inches  or  yards  wide,  intervening  between  the  disunited  portions.  These 
fissures  are  usually  filled  with  fine  earth  and  sand,  or  with  angular  frag- 
ments of  stone,  evidently  derived  from  tlie  fracture  of  the  contiguous 
rocks. 

The  face  of  each  wall  of  the  fissure  is  often  beautifully  polished,  as  if 
glazed,  and  not  unfrequently  striated  or  scored  with  parallel  furrows  and 
ridges,  such  as  would  be  produced  by  the  continued  rubbing  together  of 
surfaces  of  unequal  hardness.  These  pohshed  surfaces  are  called  by 
miners  ^'  slickensides.''  It  is  supposed  that  the  lines  of  the  striae  indi- 
cate the  direction  in  which  the  rocks  were  moved.  During  one  of  the 
minor  earthquakes  in  Chili,  which  happened  about  the  year  1840,  and 
was  described  to  me  bv  an  eye-witness,  the  brick  walls  of  a  building 
were  rent  vertically  m  several  places,  and  made  to  vibrate  for  several 
minutes  during  each  shock,  after  which  they  remained  uninjured,  and 
without  any  opening,  although  the  line  of  each  crack  was  still  visible. 
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When  all  movement  liad  ceased,  there  were  seen  on  the  floor  of  tlif 
house,  at  tlie  bottom  of  eacli  rent,  small  heaps  of  fine  brickduat,  evi- 
dently produced  by  trituration. 

It  is  not  uncommon  to  find  the  mass  of  rock,  on  one  aide  of  a  fisinn, 
ilirown  up  above  or  down  below  the  mass  with  which  it  was  once  in 
contact  on  tlie  other  side.  This  mode  of  displacement  is  called  «  nhift, 
slip,  or  fnult.  "  The  miner,"  saja  Playfair,  describing  a  fault,  "  is  often 
perplexed,  in  Lis  subterraneous  journey,  by  a  derangement  in  the  strata, 
which  changes  at  once  all  those  lines  and  bearings  whicb  bad  hitherto 
directed  his  coutse.  When  his  mine  reaches  a  certain  plane,  which  i^ 
sometimes  perpendicular,  as  iu  A  B,  fig.  85,  sometJmea  oblique  to  the 
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horizon  (as  in  C  D,  ibid.),  he  find*  the  beds  of  rock  broken  aeundw, 
those  on  tbe  one  side  of  the  plane  having  changed  their  place,  by  sliding 
in  a  particular  direction  along  the  face  of  the  others.  In  this  motion 
they  have  sometimes  preserved  their  parallelism,  as  in  fig.  85,  ao  that 
the  strata  on  each  side  of  the  faults  A  B,  C  D,  continue  parallel  to  one 
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another ;  in  otlier  cases,  the  strata  on  each  side  are  inclined,  aa  iu  a,  i,  f, 
d  (fig.  86),  though  their  identity  is  still  to  be  recognized  by  their  pos- 
sessing tie  same  thicknofw,  and  the  same  internal  characters."* 

In  Coalb«>ok  Dale,  sal's  Mr.  Prestwich,!  deposits  of  sandstone,  shale, 
and  coal,  several  thousand  feet  thick,  and  occupying  an  area  trf  many 
miles,  have  been  shivered  into  fragments,  and  the  broken  remnants  hare 
been  placed  in  very  discordant  positions,  often  at  levels  difiering  several 
hundred  feet  from  each  other.  The  sides  of  the  &QltB,  when  peipendic- 
alar,  are  commonly  separated  several  yarda,  but  are  KniietimeB  as  iniK}i 

•  Playfair,  ninll  -*  «« 
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M  so  yarda  asnnder,  the  interval  being  filled  with  broken  dibrii  of  the 
MrabL.  In  following  the  course  of  tlie  same  fault,  it  is  sometimes  found 
to  produce  in  different  places  very  unequal  changea  of  level,  tlie  amonni 
of  shift  being  in  one  place  300,  and  in  another  700  feet,  wiiich  arises,  in 
wme  cases,  from  the  union  of  two  or  more  faults.  In  other  words,  the 
disjointed  strata  have  in  certain  districts  been  subjected  to  renewed  move- 
ments, which  they  have  not  suffered  elsewhere. 

We  may  occasionally  see  exact  counterparts  of  these  slips,  on  a  small 
*cale,  in  pits  of  tine  loose  sand  and  gnivel,  niany  of  which  liave  doubt 
less  been  caused  by  tlie  drying  and  shrinking  of  argillaceous  and  other 
be^ls,  sli^t  subsidences  having  taken  place  from  failure  of  support 
Sometimes,  however,  even  these  small  slips  may  have  been  produced 
during  earthquakes  ;  for  land  has  been  moved,  and  its  level,  relatively  to 
the  sea,  considerably  altered,  within  the  period  when  much  of  the 
allunal  sand  and  gravel  now  covering  the  surface  of  continents  was 
deposited. 

I  have  already  staled  that  a  geologist  must  be  on  his  guard,  in  a  region 
of  disturbed  strata,  against  inferring  repeated  alternations  of  rocks,  when, 
in  fact,  the  same  strata,  once  continuous,  have  lieen  bent  round  so  as  to 
recur  in  the  same  seclion,  and  with  the  same  dip,  A  similar  mistake 
has  often  been  occasioned  by  a  series  of  faults. 

It,  for  example,  the  dark  line  A  II  (fig.  87)  represent  the  surface  of  a 
countfy  on  which  the  strata  a  be  frequently  crop  out,  an  observer,  who 


is  proceeiling  from  H  to  A,  might  at  first  imagine  that  at  every  step  he 
was  approaching  new  strata,  whereas  the  repetition  of  the  same  beds  has 
been  caused  by  vertical  faultji,  or  downthrows.  Thus,  suppose  the  origi- 
nal mass,  A,  6,  C,  D,  to  have  been  a  set  of  uniformly  inclined  strata, 
and  that  the  different  masses  under  E  F,  F  G,  and  G  D,  sank  down  suc- 
cessively, so  as  to  leave  vacant  the  spaces  marked  in  the  diagram  by 
dotted  lines,  and  to  occupy  those  marked  by  the  continuous  lines,  then 
let  denudation  take  place  along  tlio  line  A  11,  so  that  the  protruding 
masses  indicated  by  the  fainter  liiics  arc  swept  away, — a  miner,  who  has 
not  discovered  the  faults,  finding  the  niass  <t,  which  we  will  suppose  to 
be  a  bed  of  coal  four  limes  repeated,  might  hope  to  find  four  beds,  work- 
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able  to  an  indefinite  depth,  but  first  on  arriving  at  the  fault  G  he  is 
stopped  suddenly  in  his  workings,  upon  reaching  the  strata  of  sandstone 
c,  or  on  arriving  at  the  line  of  fault  F  he  comes  partly  upon  the  shale  6, 
and  partly  on  the  sandstone  c,  and  on  reaching  E  he  is  again  stopped  by 
a  wall  composed  of  the  rock  d. 

The  very  difterent  levels  at  which  the  separated  parts  of  the  same 
stratii  are  found  on  the  different  sides  of  the  fissure,  in  some  faults,  is 
truly  astonishing.  One  of  the  most  celebrated  in  England  is  that  called 
the  "  ninety-fathom  dike,"  in  the  coal-field  of  Newcastle.  This  name 
has  been  given  to  it,  because  the  same  beds  are  ninety  fathoms  lower  on 
the  northern  than  they  are  on  the  southern  side.  The  fissure  has  been 
filled  by  a  body  of  sand,  which  is  now  in  tlie  state  of  sandstone,  and  is 
called  the  dike,  which  is  sometimes  very  narrow,  but  in  other  places 
more  than  twenty  yards  wide.*  The  walls  of  the  fissure  are  scored  by 
grooves,  such  as  would  have  been  produced  if  the  broken  ends  of  the 
rock  had  been  rubbed  along  the  plane  of  the  faultf  In  the  Tynedale 
and  Craven  faults,  in  the  north  of  England,  the  vertical  displacement  is 
still  greater,  and  has  extended  in  a  horizontal  direction  for  a  distance  of 
thirty  miles  or  more.  Some  geologists  consider  it  necessary  to  imagine 
that  the  upward  or  downward  movement  in  these  cases  was  accomplished 
at  a  single  stroke,  and  not  by  a  series  of  sudden  but  interrupted  move- 
ments. This  idea  appears  to  have  been  derived  from  a  notion  tliat  the 
grooved  walls  have  merely  been  rubbed  in  one  direction.  But  this  is  so 
far  from  being  a  constant  phenomenon  in  faults,  that  it  has  often  been 
objected  to  the  received  theory  respecting  those  polished  surfaces  called 
"  slickensides"  (see  above,  p.  61),  that  the  striae  are  not  always  parallel, 
but  oft^n  curved  and  irregular.  It  has,  moreover,  been  remarked,  that 
not  only  the  walls  of  the  fissure  or  fault,  but  its  earthy  contents,  some- 
times present  the  same  polished  and  striated  faces.  Now  these  facts  seem 
to  indicate  partial  changes  in  the  direction  of  the  movement,  and  some 
slidings  subsequent  to  the  first  filling  up  of  the  fissure.  Suppose  the 
mass  of  rock  A,  B,  C,  to  overlie  an  extensive  chasm  d  e,  formed  at  the 


depth  of  several  miles,  whether  by  the  gradual  contraction  in  bulk  of  a 
melted  mass  passing  into  a  solid  or  crystalline  state,  or  the  shrinking  of 
argillaceous  strata,  baked  by  a  moderate  heat,  or  by  the  subtraction  of 
matter  by  volcanic  action,  or  any  other  cause.  Now,  if  this  region  be 
convulsed  by  earthquakes,  the  fissures  f  g,  and  others  at  right  angles  to 
Uiem,  may  sever  the  mass  B  from  A  and  from  C,  so  that  it  may  move 

*  Conybeare  aod  Phillips,  Outlines,  <l:c.  p.  876. 
f  PhiUipe,  Geology,  Lardner's  Cyclop,  p.  41. 
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freelj,  and  b^n  to  sink  into  the  chasm.  A  fracture  may  be  conceived 
■o  clean  and  perfect  as  to  allow  it  to  subside  at  once  to  the  bottom  of 
the  subterranean  cavity ;  but  it  is  far  more  probable  that  tlie  sinking 
will  be  effected  at  successive  periods  during  different  earthquakes,  the 
mass  always  continuing  to  slide  in  the  same  direction  along  the  planes 
of  the  fissures  fg,  and  the  edges  of  the  falling  mass  being  continually 
more  broken  and  triturated  at  each  convulsion.  If,  as  is  not  improbable, 
the  circumstances  which  have  caused  the  failure  of  support  continue  in 
operation,  it  may  happen  that  when  the  mass  B  has  filled  the  cavity 
first  fonned,  its  foundations  will  again  give  way  under  it,  so  that  it  will 
fidl  again  in  the  same  direction.  But,  if  the  direction  should  change, 
the  fact  could  not  be  discovered  by  observing  the  slickensides,  because 
the  last  scoring  would  efface  the  lines  of  previous  friction.  In  the 
present  state  of  our  ignorance  of  the  causes  of  subsidence,  an  hypothe- 
sis which  can  explain  the  great  amount  of  displacement  in  some  faults, 
on  sound  mechanical  principles,  by  a  succession  of  movements,  is  far 
preferable  to  any  theory  which  assumes  each  fault  to  have  been  accom- 
plished by  a  single  upcast  or  downthrow  of  several  thousand  feet  For 
we  know  that  there  are  operations  now  in  progress,  at  great  depths 
in  the  interior  of  the  earth,  by  which  both  large  and  small  tracts  of 
ground  are  made  to  rise  above  and  sink  below  their  former  level,  some 
dowly  and  insensibly,  others  suddenly  and  by  starts,  a  few  feet  or  yards 
at  a  time ;  whereas  there  are  no  grounds  for  believing  that,  during  the 
last  3000  years  at  least,  any  regions  have  been  either  upheaved  or  de- 
pressed, at  a  single  stroke,  to  the  amount  of  several  hundred,  much  less 
several  thousand  feet  When  some  of  the  ancient  marine  formations 
are  described  in  the  sequel,  it  will  appear  that  their  structure  and  organic 
contents  point  to  the  conclusion,  that  the  fioor  of  the  ocean  was  slowly 
sinking  at  the  time  of  their  origin.  The  downward  movement  was  very 
gradual,  and  in  Wales  and  the  contiguous  parts  of  England  a  maximum 
thickness  of  32,000  feet  (more  than  six  miles)  of  Carboniferous,  Devo- 
nian, and  Silurian  rock  was  formed,  whilst  the  bed  of  the  sea  was  all  the 
time  continuously  and  tranquilly  subsiding.*  Whatever  may  have  been 
tlie  changes  which  the  solid  formation  underwent,  whether  accompanied 
by  tlie  melting,  consolidation,  crystallization,  or  desiccation  of  subjacent 
mineral  matter,  it  is  clear  from  the  fact  of  the  sea  having  remained  shal- 
low all  tlie  while  that  the  bottom  never  sank  down  suddenly  to  the  depth 
of  many  hundred  feet  at  once. 

It  is  by  assuming  such  reiterated  variations  of  level,  each  separately 
of  small  vertical  amount,  but  multiplied  by  time  till  they  acquire 
importance  in  the  aggregate,  that  we  are  able  to  explain  the  phenom- 
.^a  of  denudation,  which  will  be  treated  of  in  the  next  chapter.  By 
buch  movements  every  portion  of  the  surface  of  the  land  becomes  in  its 
turn  a  line  of  coast,  and  is  exposed  to  the  action  of  the  waves  and  tides. 

*  See  the  results  of  the  **  Geological  Survey  of  Great  Britain  ;"  Memoirs,  voUw. 
L  and  il,  by  Sir  H.  de  la  Beche,  Mr.  A.  C.  Ramsay,  and  Mr.  John  Phillips. 
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A  country  which  is  undergoing  such  movement  is  never  allowed  to 
settle  into  a  state  of  equilibrium,  therefore  the  force  of  rivers  and  tor- 
rents to  remove  or  excavate  soil  and  rocky  masses  is  sustained  in  undi- 
minished energy. 
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DENUDATION. 


Denudation  defined — Its  amount  equal  to  the  entire  mass  of  stratified  deposits  in 
the  earth's  crust — Horizontal  sandstone  denuded  in  Ross-shire — Levelled  sur- 
face of  countries  in  which  great  faults  occur — Coalbrook  Dale — Denuding  power 
of  the  ocean  during  the  emergence  of  land — Origin  of  Valleys — Obliteration  of 
sea-cliffis — Inland  sea-cliffs  and  terraces  in  the  Morea  and  Sicily — Limestone 
pillars  at  St  Mihiel,  in  France — In  Canada — In  the  Bermudas. 

Denudation,  which  has  been  occasionally  spoken  of  in  the  preceding 
chapters,  is  the  removal  of  solid  matter  by  water  in  motion,  whether  of 
rivers  or  of  the  waves  and  currents  of  the  sea,  and  the  consequent  laying 
bare  of  some  inferior  rock.  Geologists  have  perhaps  been  seldom  in  the 
habit  of  reflecting  that  this  operation  has  exerted  an  influence  on  tlie 
structure  of  the  earth's  crust  as  universal  and  important  as  sedimentary 
deposition  itself ;  for  denudation  is  the  inseparable  accompaniment  of 
the  production  of  all  new  strata  of  mechanical  origin.  The  formation 
of  every  new  deposit  by  the  transport  of  sediment  and  pebbles  necessa- 
rily implies  that  there  has  been,  somewhere  else,  a  grinding  down  of  rock 
into  rounded  fragments,  sand,  or  mud,  equal  in  quantity  to  the  new 
strata.  All  deposition,  tlicrefore,  except  in  the  case  of  a  shower  of  vol- 
.  canic  ashes,  is  the  sign  of  superficial  waste  going  on  contemporaneously, 
and  to  an  equal  amount  elsewhere.  Tlie  gain  at  one  point  is  no  more 
•Ihan  sufficient  to  balance  the  loss  at  some  other.  Here  a  lake  has  grown 
shallower,  there  a  ravine  has  been  deepened.  The  bed  of  the  sea  has  in 
one  region  been  raised  by  the  accumulation  of  new  matter,  in  another 
its  depth  has  been  augmented  by  the  abstraction  of  an  equal  quantity. 

IWhen  we  see  a  stone  building,  we  know  that  somewhere,  far  or  near, 
a  quarry  has  been  opened.  The  courses  of  stone  in  the  building  may  be 
compared  to  successive  strata,  the  quarry  to  a  ravine  or  valley  which  has 
suffered  denudation.  As  the  strata,  like  the  courses  of  hewn  stone,  have 
been  kid  one  upon  another  gradually,  so  the  excavation  both  of  the 
valley  and  quarry  have  been  gradual.  To  pursue  the  comparison  still 
farther,  the  superficial  heaps  of  mud,  sand,  and  gravel,  usually  called 
alluvium,  may  be  likened  to  the  rubbish  of  a  quarry  which  has  been  r^ 
jected  as  useless  by  the  workmen,  or  has  fallen  upon  the  road  between 
the  quarry  and  the  building,  so  as  to  lie  scattered  at  random  over  the 
ground. 
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If^  then,  the  entire  mass  of  stratified  deposits  in  the  earth's  crust  is  at 
once  the  monument  and  measure  of  the  denudation  which  has  taken 
place,  on  how  stupendous  a  scale  ought  we  to  find  the  signs  of  this  re- 
moval of  transported  materials  in  past  ages!  Accordingly,  there  are 
different  classes  of  phenomena,  which  attest  in  a  most  striking  manner 
the  vast  spaces  left  vacant  by  the  erosive  power  of  water.  I  may  allude, 
first,  to  those  valleys  on  both  sides  of  which  the  same  strata  are  seen 
following  each  other  in  the  same  order,  and  having  the  same  mineral 
composition  and  fossil  contents.  We  may  observe,  for  example,  several 
Fig.  89.  formations,  as  Nos.  1,  2,  3,  4,  in  the  accom- 

panying diagram  (fig.  89) ;  No.  1  conglom- 
erate^ No.  2  clay.  No.  3  grit,  and  No.  4 
limestone,  each  repeated  in  a  series  of  hills 
separated  by  valleys  varying  in  depth. 
When  we  examine  the  subordinate  parts  of 
these  four  formations,  we  find,  in  like  man- 
ner, distinct  beds  in  each,  corresponding,  on  the  opposite  sides  of  the 
valleys,  both  in  composition  and  order  of  position.  No  one  can  doubt 
that  the  strata  were  originally  continuous,  and  that  some  cause  has 
swept  away  the  portions  which  once  connected  the  whole  series.  A 
torrent  on  the  side  of  a  mountain  produces  similar  interruptions ;  and 
when  we  make  artificial  cute  in  lowering  roads,  we  expose,  in  like  man- 
ner, corresponding  beds  on  either  side.  But  in  nature,  Uiese  appearances 
occur  in  mountains  several  thousand  feet  high,  and  separated  by  inter- 
vals of  many  miles  or  leagues  in  extent,  of  which  a  grand  exemplifica- 
tion is  described  by  Dr.  MacCulloch,  on  the  northwestern  coast  of  Ross- 
shire,  in  Scotland.* 
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Denndmtion  of  rod  sandstone  on  northwest  coast  of  Boss-shlre.    (MacCulloch.) 

The  ftmdamental  rook  of  that  country  is  gneiss,  in  disturbed  strata,  on 
which  beds  of  nearly  horizontal  red  sandstone  rest  unconformably.  The 
latter  are  often  very  thin,  forming  mere  flags,  with  their  surfaces  dis- 
tinctly ripple-marked.  They  end  abruptly  on  the  declivities  of  many 
insulated  mountains,  which  rise  up  at  once  to  the  height  of  about  2000 
feet  above  the  gneiss  of  the  surrounding  plain  or  table- land,  and  to  an 
average  elevation  of  about  3000  feet  above  "the  sea,  which  all  their  sum- 
mits generally  attain.  The  base  of  gneiss  varies  in  height,  so  that  the 
lower  portions  of  the  sandstone  occupy  different  levels,  and  the  thickness 
of  the  mass  is  various,  sometimes  exceeding  3000  feet.  It  is  impossible 
to  compare  these  scattered  and  detached  portions  without  imagining 
that  the  whole  country  has  once  been  covered  with  a  great  body  of  sand- 
stone, and  that  masses  from  1000  to  more  than  3000  feet  in  thickness  have 

been  removed. 

*  Western  Islands,  voL  il  p.  98,  pL  SI,  &g,  4 
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In  the  "Sinrey  of  Great  Britain"  (vol.  L),  Profenor  Ramsay  has 
ahown  that  the  missing  beds,  removed  from  the  summit  of  the  Mendipa, 
must  have  been  nearly  a  mile  in  thickness ;  and  he  has  pointed  out  con- 
siderable areas  in  South  Wales  and  some  of  tlie  adjacent  counties  of 
England,  where  a  series  of  palaeozoic  strata,  not  less  than  11,000  feet  in 
thickness,  have  been  stripped  off.  All  these  materials  have  of  course 
been  transported  to  new  regions,  and  have  entered  into  the  composition 
of  more  modem  formations.  On  the  other  hand,  it  is  shown  by  obser- 
vations in  the  same  ^^  Survey,"  that  the  palaeozoic  strata  are  from  20,000 
to  80,000  feet  thick.  It  is  clear  that  such  rocks,  formed  of  mud  and 
sand,  now  for  the  most  part  consolidated,  are  the  monuments  of  denuding 
operations,  which  took  place  on  a  grand  scale  at  a  very  remote  period  in 
the  earth^s  history.  For,  whatever  has  been  given  to  one  area  must  al- 
ways have  been  borrowed  from  another ;  a  truth  which,  obvious  as  it 
may  seem  when  thus  stated,  must  be  repeatedly  impressed  on  the  stu- 
dent's mind,  because  in  many  geological  speculations  it  is  taken  for 
granted  that  the  external  crust  of  the  earth  has  been  always  growing 
Uiicker,  in  consequence  of  the  accumulation,  period  after  period,  of  sedi- 
mentary matter,  as  if  the  new  strata  were  not  always  produced  at  the 
expense  of  pre-existing  rocks,  stratified  or  unstratified.  By  duly  r^ect- 
ing  on  the  fact,  that  all  deposits  of  mechanical  origin  imply  the  trans- 
portation from  some  other  region,  whethcT  contiguous  or  remote,  of  an 
equal  amount  of  solid  matter,  we  perceive  that  the  stony  exterior  of  the 
planet  must  always  have  grown  thinner  in  one  place  whenever,  by  aoces- 
sioQS  of  new  strata,  it  was  acquiring  density  in  another.  No  doubt  the 
vacant  space  left  by  the  missing  rocks,  after  extensive  denudation,  is  less 
imposing  to  the  imagination  than  a  vast  thickness  of  conglomerate  or 
sandstone,  or  the  bodily  presence  as  it  were  of  a  mountain-chain,  with 
all  its  inclined  and  curved  strata.  But  the  denuded  tracts  speak  a  dear 
and  emphatic  language  to  our  reason,  and,  like  repeated  layers  of  fossil 
nummulites,  corals  or  shells,  or  like  numerous  seams  of  coal,  each  based 
on  its  under  clay  full  of  the  roots  of  trees,  still  remaining  in  their  natural 
position,  demand  an  indefinite  lapse  of  time  for  their  elaboration. 

No  one  will  maintain  that  the  fossils  entombed  in  these  rocks  did  not 
belong  to  many  successive  generations  of  plants  and  animals.  In  like 
manner,  each  sedimentary  deposit  attests  a  slow  and  gradual  action,  and 
the  strata  not  only  serve  as  a  measure  of  the  amount  of  denudation 
simultaneously  effected  elsewhere,  but  are  also  a  correct  indication  of  the 
rmte  at  which  the  denuding  operation  was  carried  on. 

Perhaps  the  most  convincing  evidence  of  denudation  on  a  magnificent 
scale  is  derived  from  the  levelled  surfaces  of  districts  where  lai^  faults 
occur.  I  have  shown,  in  fig.  87,  p.  63,  and  in  fig.  91,  how  angular  and 
protruding  masses  of  rock  might  naturally  have  been  looked  for  on  tlie 
aorfisu^e  immediately  above  great  faults,  although  in  fact  they  rarely 
ezkt.  This  phenomenon  may  be  well  studied  in  those  districts  where 
ooal  has  been  extensivelv  worked,  for  there  the  former  relation  of  the 
Jbeda  which  have  shifted  their  position  may  be  determined  with  great  ac- 
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cunM^^.     Ilius  in  the  ooal  field  of  Ashbj  de  la  Zouoh,  in  Leicestershire 
(see  fig.  91)y  a  £E»ilt  occurs,  on  one  side  of  which  the  coal  beds  abed 
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Faolts  and  denaded  ooal  strata,  Asbbf  da  la  Zoneb.    (Mam mat) 

rise  to  the  height  of  500  feet  above  the  corresponding  beds  on  the  other 
side.  But  the  uplifted  strata  do  not  stand  up  500  feet  above  the  general 
surface  ;  on  the  contrary,  the  outline  of  the  country,  as  expressed  by  the 
line  z  z,vA  uniform  and  unbroken,  and  the  mass  indicated  by  the  dotted 
outline  must  have  been  washed  away.*  There  are  proofe  of  this  kind 
in  some  level  countries,  where  dense  masses  of  strata  have  been  cleared 
away  from  areas  several  hundred  square  miles  in  extent 

In  the  Newcastle  coal  district  it  is  ascertained  that  faults  occur  in 
which  the  upward  or  downward  movement  could  not  have  been  less  than 
140  fathoms,  which,  had  they  affected  equally  the  configuration  of  the 
surface  to  that  amount,  would  produce  mountains  with  precipitous  escarp- 
ments nearly  1000  feet  high,  or  chasms  of  the  like  depth ;  yet  is  the 
actual  level  of  the  country  absolutely  uniform,  affording  no  trace  whatever 
of  subterranean  movements.f 

The  ground  from  which  these  materials  have  been  removed  is  usually 
overspread  with  heaps  of  sand  and  gravel,  formed  out  of  the  ruins  of 
the  very  rocks  which  have  disappeared.  Thus,  in  the  districts  above  re- 
ferred to,  they  consist  of  rounded  and  angular  fragments  of  hard  sand- 
stone, limestone,  and  ironstone,  with  a  small  quantity  of  the  more 
destructible  shale,  and  even  rounded  pieces  of  coal. 

Allusion  has  been  already  made  to  the  shattered  state  and  discordant 
position  of  the  carboniferous  strata  in  Coalbrook  Dale  (p.  62).  The 
collier  cannot  proceed  three  or  four  yards  without  meeting  with  small 
slips,  and  from  time  to  time  he  encounters  faults  of  considerable  magni- 
tude, which  have  thrown  the  rocks  up  or  down  several  hundred  feet. 
Yet  the  superficial  inequalities  to  which  these  dislocated  masses  origi- 
nally gave  rise  are  no  longer  discernible,  and  the  comparative  flatness  of 
the  existing  surface  can  only  be  explained,  as  Mr.  Prestwich  has  observed, 
by  supposing  the  fractured  portions  to  have  been  removed  by  water.  It 
is  also  clear  that  strata  of  red  sandstone,  more  than  1000  feet  thick, 
which  once  covered  the  coal,  in  the  same  region,  have  been  carried  away 


*  See  Mammat's  Geological  Facts,  Ac^  p.  90,  and  plate, 
f  Cooybeare's  Report  to  Brit  Aaaoc.  1842,  p.  881. 
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from  large  areas.  That  water  Las,  in  this  case,  been  the  denuding  agent, 
we  may  infer  from  the  fact  that  the  rocks  have  yielded  according  to 
their  different  degrees  of  hardness ;  the  hard  trap  of  the  Wrekin,  for 
example,  and  other  hills,  having  resisted  more  than  the  softer  shale  and 
sandstone,  so  as  now  to  stand  out  in  bold  relief.* 

Origin  of  valleys. — Many  of  the  earlier  geologists,  and  Dr.  Ilutton 
among  them,  taught  that  "  rivers  have  in  general  hollowed  out  their 
valleys."  This  is  true  only  of  rivulets  and  torrents  which  are  the  feeders 
of  the  larger  streams,  and  which,  descending  over  rapid  slopes,  are  most 
subject  to  temporary  increase  and  diminution  in  the  volume  of  their 
waters.  Tlie  quantity  of  mud,  sand,  and  pebbles  constituting  many  a 
modern  delta  proves  indisputably  that  no  small  part  of  the  inequalities 
now  existing  on  the  earth's  surface  are  due  to  fluviatile  action  ;  but  the 
principal  valleys  in  almost  every  great  hydrographical  basin  in  the  world, 
are  of  a  shape  and  magnitude  wliich  imply  that  they  have  been  due  to 
other  causes  besides  the  mere  excavating  power  of  rivers. 

Some  geologists  have  imagined  that  a  deluge,  or  succession  of  deluges, 
may  have  been  the  chief  denuding  agency,  and  they  have  speculated  on 
a  series  of  enormous  waves  raised  by  the  instantaneous  upthrow  of  con- 
tinents or  mountain  chains  out  of  the  sea.  But  even  were  we  disposed 
to  grant  such  sudden  upheavals  of  the  Hoor  of  the  ocean,  and  to  assume 
that  great  waves  would  be  the  consequence  of  each  convulsion,  it  is  not 
easy  to  explain  the  observed  phenomena  by  tlie  aid  of  so  gratuitous  an 
hypothesis. 

On  the  other  hand,  a  machinery  of  a  totally  different  kind  seems  capa- 
ble of  giving  rise  to  effects  of  the  required  magnitude.  It  has  now  been 
ascertained  that  the  rising  and  sinking  of  extensive  portions  of  the  earth's 
crust,  whether  insensibly  or  by  a  repetition  of  sudden  shocks,  is  part  of 
the  actual  course  of  nature,  and  we  may  easily  comprehend  how  the 
land  may  have  been  exposed  during  these  movements  to  abrasion  by  the 
waves  of  the  sea.  In  the  same  manner  as  a  mountain  mass  may,  in  the 
course  of  ages,  be  fonned  by  sedimentary  deposition,  layer  after  layer,  so 
masses  equally  voluminous  may  in  time  waste  away  by  inches ;  as,  for 
example,  if  beds  of  incoherent  materials  are  raised  slowly  in  an  open  sea 
where  a  strong  current  prevails.  It  is  well  known  that  some  of  these 
oceanic  currents  have  a  breadth  of  200  miles,  and  that  they  sometimes 
run  for  a  thousand  miles  or  more  in  one  direction,  retaining  a  considera- 
ble velocity  even  at  the  depth  of  several  hundred  feet  Under  these  cir- 
cumstances, the  flowing  waters  may  have  power  to  clear  away  each 
stratum  of  incoherent  materials  as  it  rises  and  approaches  the  surface, 
where  the  waves  exert  the  greatest  force ;  and  in  this  manner  a  volu 
minous  deposit  may  be  entirely  swept  away,  so  that,  in  the  absence  of 
faults,  no  evidence  may  remain  of  the  denuding  operation.  It  may  in- 
deed be  affirmed  that  the  signs  of  waste  will  usually  be  least  obvious 
where  the  destruction  has  been  most  complete ;  for  the  annihilation 

*  Prestwich,  GeoL  Trans,  second  series,  vol.  v.  pp.  452,  473. 
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may  have  proceeded  so  far,  that  no  ruins  are  left  of  the  dilapidated 
rocks. 

Although  denudation  has  had  a  levelling  influence  on  some  countries 
of  shattered  and  disturbed  strata  (see  fig.  87,  p.  63,  and  fig.  01,  p.  60), 
it  has  more  commonly  been  the  cause  of  superficial  inequalities,  espe- 
cially in  regions  of  horizontal  stratification.  The  general  outline  of  these 
r^ons  is  that  of  fiat  and  level  platforms,  interrupted  by  valleys  often  of 
considerable  depth,  and  ramifying  in  various  directions.  These  hollows 
may  once  have  formed  bays  and  channels  between  islands,  and  the 
steepest  slope  on  the  sides  of  each  valley  may  have  been  a  sea-cliff,  which 
was  umlermined  for  ages,  as  the  land  emerged  gradually  from  the  deep. 
We  may  suppose  the  position  and  course  of  each  valley  to  have  been 
originally  determined  by  differences  in  the  hardness  of  the  rocks,  and  by 
rents  and  joints  which  usivally  occur  even  in  horizontal  strata.  In  mountain 
chains,  such  as  the  Jura  before  described  (see  ^g.  71,  p.  55),  we  perceive 
at  once  that  the  principal  valleys  have  not  been  due  to  aqueous  excava- 
tion, but  to  those  mechanical  movements  which  have  bent  the  rocks  into 
their  present  form.  Yet  even  in  the  Jura  there  are  many  valleys,  such 
as  C  (fig.  71),  which  have  been  hollowed  out  by  water ;  and  it  may  be 
stated  that  in  every  part  of  the  globe  the  unevenness  of  the  surface  of 
the  land  has  been  due  to  the  combined  influence  of  subterranean  move- 
ments and  denudation. 

I  may  now  recapitulate  a  few  of  the  conclusions  to  which  we  have  ar- 
rived :  first,  all  the  mechanical  strata  have  been  accumulated  gradually, 
and  the  concomitant  denudation  has  been  no  less  gradual :  secondly,  the 
dry  land  consists  in  great  part  of  strata  formed  originally  at  the  bottom 
of  the  sea,  and  has  been  made  to  emerge  and  attain  its  present  height 
by  a  force  acting  from  beneath  :  thirdly,  no  combination  of  causes  has 
yet  been  conceived  so  capable  of  producing  extensive  and  gradual  denu- 
dation, as  the  action  of  the  waves  and  currents  of  the  ocean  upon  land 
slowly  rising  out  of  the  deep. 

Now,  if  we  adopt  these  conclusions,  we  shall  naturally  be  led  to  look 
everywhere  for  marks  of  the  former  residence  of  the  sea  upon  the  land, 
especially  near  the  coasts  from  which  the  last  retreat  of  the  waters  took 
place,  and  it  will  be  found  that  such  signs  are  not  wanting. 

I  shall  have  occasion  to  speak  of  ancient  sea-clifl^,  now  far  inland,  in 
the  southeast  of  England,  when  treating  in  Chapter  XIX.  of  the  denu- 
dation of  the  chalk  in  Surrey,  Kent,  and  Sussex.  Lines  of  upraised 
sea-beaches  of  more  modem  date  are  traced,  at  various  levels  from  20  to 
100  feet  and  upwards  above  the  present  sea-level,  for  great  distances  on 
the  east  and  west  coasts  of  Scotland,  as  well  as  in  Devonshire,  and  other 
counties  in  England.  These  ancient  beach-lines  often  form  terraces  of 
sand  and  gravel,  including  littoral  shells,  some  broken,  others  entire,  and 
corresponding  with  species  now  living  on  the  adjoining  coast  But  it 
would  be  unreasonable  to  expect  to  meet  everywhere  with  tlie  signs  of 
ancient  shores,  since  no  geologist  can  have  failed  to  observe  how  soon  all 
recent  marks  of  the  kind  above  alluded  to  are  obscured  or  entirely  ef- 


72  INLAND  SEA-CLIFFB.  [Ok  TI 

fiioed,  whererer,  in  consequence  of  the  altered  state  of  the  tides  dnd  cm** 
rents,  the  sea  has  receded  for  a  few  centuries.  We  see  the  cli£&  crumble 
down  in  a  few  years  if  composed  of  sand  or  day,  and  soon  reduced  to  a 
gentle  slope.  If  there  were  shells  on  the  beach  they  decompose,  and 
their  materials  are  washed  away,  after  which  the  sand  and  shingle  may 
resemble  any  other  alluviums  scattered  over  the  interior. 

The  features  of  an  ancient  shore  may  sometimes  be  concealed  by  the 
growth  of  trees  and  shrubs,  or  by  a  covering  of  blown  sand,  a  good  ex- 
ample of  which  occurs  a  few  miles  west  from  Dax,  near  Bourdeaux,  in 
the  south  of  France.  About  twelve  miles  inland,  a  steep  bank  may  be 
traced  running  in  a  direction  ne^irly  northeast  and  southwest,  or  parallel 
to  the  contiguous  coast  This  sudden  fall  of  about  50  feet  conducts  i» 
from  the  higher  platform  of  the  Landes  to  a  lower  plain  which  extends 

Fig.  98. 


Bection  of  inland  cliff  at  Abessc,  near  Dax. 
a.  Band  of  the  Landos.  b.  Limestone.  e.  Clay. 

to  the  sea.  The  outline  of  the  ground  suggested  to  me,  as  it  would  do 
to  every  geologist,  the  opinion  that  the  bank  in  question  was  once  a  sea- 
cliflf,  when  the  whole  country  stood  at  a  lower  level.  But  this  is  no 
longer  matter  of  conjecture,  for,  in  making  excavations  in  1830  for  the 
foundation  of  a  building  at  Abesse,  a  quantity  of  loose  sand,  which 
formed  the  slope  d  e,  was  removed  ;  and  a  perpendicular  cliff,  about  50 
feet  in  height,  which  had  hitherto  been  protected  from  the  agency  of  the 
elements,  was  exposed.  At  the  bottom  appeared  the  limestone  6,  con- 
taining tertiary  shells  and  corals,  immediately  below  it  the  clay  c,  and 
above  it  the  usual  tertiary  sand  a,  of  the  department  of  the  Landes.  At 
the  base  of  the  precipice  were  seen  large  partially  rounded  masses  of 
rock,  evidently  detached  from  the  stratum  b.  The  face  of  the  limestone 
was  hollowed  out  and  weathered  into  such  forms  as  are  seen  in  the  cal- 
careous cliffs  of  the  adjoining  coast,  especially  at  Biaritz,  near  Bayonne. 
It  is  evident  that,  when  the  country  was  at  a  somewhat  lower  level,  the 
sea  advanced  along  the  surface  of  the  argillaceous  stratum  c,  which,  from 
its  yielding  nature,  favored  the  waste  by  allowing  the  more  solid  super- 
incumbent stone  6  to  be  readily  undermined.  Afterwards,  when  the 
country  had  been  elevated,  part  of  the  sand,  a,  fell  down,  or  was  drifted 
by  the  winds,  so  as  to  form  the  talus,  d  e,  which  masked  the  inland  chff 
until  it  was  artificially  laid  open  to  view. 

When  we  are  considering  the  various  causes  which,  in  the  course  of 
ages,  may  efface  the  characters  of  an  ancient  sea-coast,  earthquakes  must 
not  be  forgotten.  During  violent  shocks,  steep  and  overhanging  cliffs 
are  often  dirown  down  and  become  a  heap  of  ruins.  Sometimes  une- 
qual movements  of  upheaval  or  depression  entirely  destroy  that  horizon*- 
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Ulity  of  the  bsse-line  which  constitutes  the  chief  peculiarity  of  mii 
aneiait  sea-cliff. 

It  i%  however,  in  countries  where  hard  limestone  rocks  abound,  that 
inland  diflb  retain  faithfully  the  characters  which  they  acquired  when 
they  constituted  the  boundary  of  land  and  sea.  Thus,  in  the  Morea,  no 
less  than  three,  or  even  four,  ranges  of  what  were  once  sea-cliffs  are  well 
preserved.  These  have  been  described,  by  MM.  Boblaye  and  Virlet,  as 
rising  one  above  the  other  at  different  distances  from  the  actual  shore, 
the  summit  of  the  highest  and  oldest  occasionally  exceeding  1000  feet 
in  elevation.  At  the  base  of  each  there  is  usually  a  terrace,  which  is  in 
some  places  a  few  yards,  in  others  above  300  yards  wide,  so  that  we  are 
conducted  from  the  high  land  of  the  interior  to  the  sea  by  a  succession 
of  great  steps.  These  inland  cliffs  are  most  perfect,  and  roost  exactly  re- 
semble those  now  washed  by  the  waves  of  the  Mediterranean,  where 
they  are  formed  of  calcareous  rock,  especially  if  the  rook  be  a  hard  crjrs- 
talline  marble.  The  following  are  the  points  of  corre8jK)ndence  observed 
between  the  ancient  coast  lines  and  the  borders  of  the  present  sea: — I.  A 
range  of  vertical  precipices,  with  a  terrace  at  their  base.  2.  A  weathered 
state  of  the  surface  of  the  naked  rock,  such  as  the  spray  of  the  sea  pro- 
duces. 3.  A  line  of  littoral  caverns  at  the  foot  of  the  cliffs.  4.  A  con- 
solidated beach  or  breccia  with  occasional  marine  shells,  found  at  the 
base  of  the  clifls,  or  in  the  caves.     6.  Lithodomous  perforations. 

In  regard  to  the  first  of  these,  it  would  be  superfluous  to  dwell  on  the 
evidence  afforded  of  the  undermining  power  of  waves  and  currents  by 
perpendicular  precipices.  The  littoral  caves,  also,  will  be  familiar  to 
those  who  have  had  opportunities  of  observing  the  manner  in  which  the 
waves  of  the  sea,  when  they  beat  against  rocks,  have  power  to  scoop  out 
caverns.  As  to  the  breccia,  it  is  composed  of  pieces  of  limestone  and 
rolled  fragments  of  thick  solid  shell,  such  as  Strombtis  and  Spondylus^ 
all  bound  together  by  a  crystalline  calcareous  cement.  Similar  aggrega- 
tions are  now  forming  on  the  modem  beaches  of  Greece,  and  in  caverns 
on  the  sea-side;  and  they  are  only  distinguishable  in  character  from 
those  of  more  ancient  date,  by  including  many  pieces  of  pottery.  In 
regard  to  the  lithodomi  above  alluded  to,  these  bivalve  mollusks  are  well 
known  to  have  the  power  of  excavating  holes  in  the  hardest  limestones, 
the  size  of  the  cavity  keeping  pace  with  the  growth  of  the  shell.  When 
living  they  require  to  be  always  covered  by  salt  water,  but  similar  pear- 
shaped  hollows,  containing  the  dead  shells  of  these  creatures,  are  found 
at  different  heights  on  the  face  of  the  inland  cliffs  above  mentioned. 
Thus,  for  example,  they  have  been  observed  near  Modon  and  Navarino 
on  cliffs  in  the  interior  125  feet  high  above  the  Mediterranean.  As  to 
the  weathered  surface  of  the  calcareous  rocks,  all  limestones  are  known 
to  suffer  chemical  decomposition  when  moistened  by  the  spray  of  the 
salt  water,  and  are  corroded  still  more  deeply  at  points  lower  down  where 
they  are  just  reached  by  the  breakers.  By  this  action  the  stone  acquires 
a  wrinkled  and  furrowed  outline,  and  very  near  the  sea  it  becomes  rough 
and  branching,  as  if  covered  with  corals.    Such  effects  are  traced  not 
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only  on  the  present  shore,  hut  at  the  hase  of  the  ancient  cli&  far  in  the 
interior.  Lastly,  it  remains  only  to  speak  of  the  terraces,  which  extend 
with  a  gentle  slope  from  the  hase  of  almost  all  the  inland  cliffs,  and  are 
for  the  most  part  narrow  where  the  rock  is  hard,  hut  sometimes  half  a 
mile  or  more  in  breadth  where  it  is  soft.  They  are  the  effects  of  the 
encroachment  of  the  ancient  sea  upon  the  shore  at  those  levels  at  which 
the  land  remained  for  a  long  time  stationar}'.  Tlie  justness  of  tliis  view 
is  apparent  on  examining  the  shape  of  the  modem  shore  wherever  the 
sea  is  advancing  upon  the  land,  and  removing  annually  small  portions 
of  undermined  rock.  By  this  agency  a  submarine  platform  is  produced 
on  which  we  may  walk  for  some  distance  from  the  beach  in  shallow 
water,  the  increase  of  depth  being  very  gradual,  until  we  reach  a  point 
where  the  l)Ottom  plunges  down  suddenly.  This  platform  is  widened 
with  more  or  loss  rapidity  according  to  the  hardness  of  the  rocks,  and 
when  upraised  it  constitutes  an  inland  terrace. 

But  the  four  principal  lines  of  cliff  observed  in  the  Morea  do  not 
imply,  as  some  have  imagined,  four  great  eras  of  sudden  upheaval ;  they 
simply  indicate  the  intermittance  of  the  upheaving  force.  Had  the  rise 
of  the  land  been  continuous  and  uninterrupted,  there  would  have  been 
no  one  prominent  line  of  cliff;  for  every  portion  of  the  surface  having 
been,  in  its  turn,  and  for  an  equal  period  of  time,  a  sea-shore,  would 
have  presented  a  nearly  similar  aspect  But  if  pauses  occur  in  the  pro- 
cess of  upheaval,  the  waves  and  currents  have  time  to  sap,  throw  down, 
and  clear  away  considerable  masses  of  rock,  and  to  shape  out  at  certain 
levels  lofty  ranges  of  cliffs  with  broad  terraces  at  their  base. 

There  are  some  levelled  spaces,  however,  both  ancient  and  modem,  in 
the  Morea,  which  are  not  due  to  denudation,  although  resembling  in 
outline  the  terraces  above  described.  They  may  be  called  Terraces  of 
Deposition,  since  they  have  resulted  from  the  gain  of  land  upon  the  sea 
where  rivers  and  torrents  have  produced  deltas.  If  the  sedimentary 
matter  has  filled  up  a  bay  or  gulf  surrounded  by  steep  mountains,  a  flat 
plain  is  forme<l  skirting  the  inland  precipices ;  and  if  these  deposits  are 
upraised,  they  form  a  feature  in  the  landscape  very  similar  to  the  areas 
of  denudation  before  described. 

In  the  island  of  Sicily  I  have  examined  many  inland  cliffs  like  those 
of  the  Morea  ;  as,  for  example,  near  Palermo,  where  a  precipice  is  seen 
consisting  of  limestone,  at  the  base  of  which  are  numerous  caves.  One 
of  these,  called  San  Giro,  about  2  miles  distant  from  Palermo,  is  about 
20  feet  high,  10  wide,  and  180  above  the  sea.  Within  it  is  found  an 
ancient  beach  (6,  ^g.  93),  formed  of  pebbles  of  various  rocks,  many  of 
which  must  have  come  from  places  far  remote.  Broken  pieces  of  coral 
and  shell,  especially  of  oysters  and  pectens,  are  seen  intermingled  with 
the  pebbles.  Immediately  above  the  level  of  this  beach,  serpulce  are 
still  found  adhering  to  the  face  of  the  rock,  and  the  limestone  is  perfo- 
rated by  lithodomi.  Within  the  grotto,  also,  at  the  same  level,  similar 
perforations  occur ;  and  so  numerous  are  the  holes,  that  the  rock  is  com- 
pared by  Hoffmann  to  a  target  pierced  by  musket  balls.     But  in  ordei 
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to  ezpoee  to  view  these  marks  of  boring-ahelU  id  the  interior  of  the  cave^ 
it  was  neottaaiy  first  to  remove  a  mass  of  breccia,  which  coDsisted  of 
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nnmerous  fragments  of  rock,  and  an  immense  quantity  of  bones  of  tbe 
mammoth,  hippopotamus,  and  otlier  quadrupeds,  imbedded  in  a  dark 
brown  calcareous  marl.  Many  of  the  bones  were  rolled,  as  if  partially 
subjected  to  the  action  of  the  wnves.  Belovr  this  breccia,  wliich  is  about 
20  feet  thick,  was  found  a  bed  of  snnd  filled  with  sea-shellH  of  recent 
species ;  and  underneath  the  sand,  again,  is  the  secondary  limestone  of 
Monte  Grifone.  The  state  of  the  surface  of  tlie  limestone  in  the  cave 
above  the  level  of  the  marine  sand  ia  very  different  from  that  below  it 
Ahwx,  the  rock  is  j^ged  and  uneven,  as  is  usun!  in  the  roofs  and  ndea 
<rf'  limestone  caverns  ;  below,  tlie  surface  is  smooth  and  polished,  as  if 
bj  the  attrition  of  the  waves. 

The  platform  indicated  at  e,  fig.  93,  is  formed  by  a  tertiary  depomt 
ooutsining  marine  shells  almost  all  of  living  species,  and  it  affords  an 
illustration  of  the  terraoe  of  deposition,  or  the  last  of  the  two  kinds  be- 
f(»e  mentioned  (p.  T4). 

ITiere  are  also  numerous  instances  in  Sicily  of  terraces  of  denudation. 
One  of  these  occurs  on  the  east  coast  to  the  north  of  Syracuse,  and  the 
same  is  resumed  to  tike  south  beyond  the  town  of  Noto,  where  It  may 
be  traced  forming  a  continuous  and  lofty  precipice,  a  b,  fig.  94,  facing 
towards  the  sea,  and  constituting  the  abrupt  termination  of  a  calcareous 
formation,  which  extends  in  horizontal  strata  far  inland.  This  precipice 
varies  in  height  from  500  to  700  feet,  and  between  its  base  and  the  sea 
ia  an  iitferior  platform,  e  b,  consisting  of  similar  white  limestone.  All 
the  beds  dip  towards  the  sea,  but  are  usually  inclined  at  a  very  slight 
angle :  they  are  seen  to  extend  imiuterruptedly  from  the  base  of  the 
flsorpmeat  into  the  platform,  showing  distinctly  that  the  lofly  cliff  was 
not  produced  by  a  fault  or  vertical  shift  of  the  beds,  but  by  the  removal 
of  a  considemUe  mass  of  rock.  Hence  we  may  conclude  that  the  sea, 
whidi  is  now  undermining  the  difis  of  the  Sicilian  coa^t,  reached  at 
some  former  period  the  base  of  tlie  precipice  a  b,  nt  which  time  the  sur- 
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routake  the  Cave  of  Mardoire,  bj  the  late  M.  Hoffmuin 
P.  Pratt,  F.  G.  S.     ProCMdings  of  GeoL  Sot  No.  82,  188: 
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See  account  by  Hr.  8> 


INLASD  8BA-CLIPFS  AND 


fiHM  of  the  t«mtce  e  b  most  have  been  coTered  \j  the  Medit«iruieaiL 
Here  vas  a  paiue,  therefore,  in  the  upward  movement,  when  the  wavei 


of  the  sea  had  time  to  carve  out  the  platform  eb;  hut  there  may  have 
been  many  other  staljonary  periods  of  minor  duration.  Suppose,  for 
example,  that  a  gcries  of  escarpments  «,  /,  g,  h,  once  existed,  and  that 
the  sea,  during  a  long  interval  Iree  from  subterranean  movements, 
advances  along  the  line  c  b,  &1!  preceding  clifia  must  have  been 
swept  away  one  after  the  other,  and  reduced  to  the  single  precipice 
ab. 

That  such  a  series  of  smaller  clil&,  as  those  represented  at  f,  /,  ff,  A, 
fig.  04,  did  really  once  exist  at  intermediate  heights  in  place  of  the  single 
precipice  a  6,  is  rendered  highly  probable  by  the  fact,  that  in  certain 
bays  and  iuland  valleys  opening  towards  the  east  cosst  of  Sicily,  and  not 
far  from  the  section  given  in  fig.  94,  the  solid  limestone  is  shaped  out 
into  a  great  succession  of  ledges,  separated  from  each  other  by  small 
vertical  cliffs.     These  arc  sometimes  so  numerous,  one  above  the  other, 


TtUaj  c>n«l  e«u  dcgl[  Hutlrl,  btlow  Utlllll,  Til  dl  ITota 

that  where  there  is  a  bend  at  the  head  cJ  a  valley,  they  produce  an  ef- 
fect singularly  resembling  the  seats  of  a  Roman  amphitheatre.     A  good 
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CBunple  of  this  configuration  occurs  near  the  town  of  Melilli,  as 
seen  in  the  annexed  view  (fig.  95).  In  the  south  of  the  island,  near 
Spaccafomo,  Scicli,  and  Modica,  precipitous  rocks  of  white  limestone, 
Mcending  to  the  height  of  500  feet,  have  heen  carved  out  into  similar 
forms. 

This  appearance  of  a  range  of  marble  seats  circling  round  the  head  of 
a  valley,  or  of  great  flights  of  steps  descending  from  the  top  to  the  bot- 
tom, on  the  opposite  sides  of  a  gorge,  may  be  accounted  for,  as  already 
hinted,  by  supposing  the  sea  to  have  stood  successively  at  many  different 
levels,  as  at  a  a,  6  6,  c  c,  in  the  accompanying  fig.  96.  But  the  causes 
of  the  gradual  contraction  of  the  valley  from  above  downwards  may 

Fig.  96. 


still  be  matter  of  speculation.  Such  contraction  may  be  due  to  the 
greater  force  exerted  by  the  waves  when  the  land  at  its  first  emergence 
was  smaller  in  quantity,  and  more  exposed  to  denudation  in  an  open 
sea ;  whereas  the  wear  and  tear  of  the  rocks  might  diminish  in  propor- 
tion as  this  action  became  confined  within  bays  or  channels  closed  in  on 
two  or  three  sides.  Or,  secondly,  the  separate  movements  of  elevation 
may  have  followed  each  other  more  rapidly  as  the  land  continued  to  rise, 
so  that  the  times  of  those  paiises,  during  which  the  greater  denudation 
was  accomplished  at  certain  levels,  were  always  growing  shorter.  It 
should  be  remarked,  that  the  cliffs  and  small  terraces  are  rarely  found  on 
the  opposite  sides  of  the  Sicilian  valleys  at  heights  so  precisely  answering 
to  each  other  as  those  given  in  fig,  96,  and  this  might  have  been  ex- 
pected, to  whichever  of  the  two  hypotlieses  above  explained  we  incline  ; 
fw,  according  to  the  direction  of  the  prevailing  winds  and  currents,  the 
waves  may  beat  with  unequal  force  on  different  parts  of  the  shore,  so 
that  while  no  impression  is  made  on  one  side  of  a  bay,  the  sea  may 
encroadi  so  £eu*  on  the  other  as  to  unite  several  smaller  clifib  into 
one. 

Befoie  qaittiBg  the  subject  of  ancient  sea-clifiGs,  carved  out  of  lime- 
stone, I  dudl  BMDtion  the  range  of  precipitous  rocks,  composed  of  a 
white  mai1>le  of  the  OoHtic  period,  which  I  have  seen  near  the  northern 
gate  of  St  Mihid  in  France.  They  are  situated  on  the  right  bank  of 
tlie  Meuse,  at  a  distance  of  200  miles  from  the  nearest  sea,  and  they 
present  on  the  precipice  facing  the  river  three  or  four  horizontal  grooves, 
one  above  the  other,  precisely  resembling  those  which  are  scooped  out 
by  the  undermining  waves.  The  summits  of  several  of  these  masses  are 
detached  from  the  adjoining  hill,  in  which  case  the  grooves  pass  aU 
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round  them,  facing  towards  all  poiota  of  tlie  compasa,  as  if  they  had 
once  formed  rocky  islets  near  the  shore.* 

Captain  Bayfield,  in  his  survey  of  the  Gulf  of  St.  Lawretice,  disoov- 
ered  iu  several  places,  especially  in  the  Mingan  islaadn,  a  coanterpart  of 
the  inland  cliffs  of  St  Mihiel,  and  traced  a  succession  of  shingle  beaches, 
one  above  the  other,  which  agreed  in  their  level  with  some  of  the  prin- 
cipal grooves  scooped  out  of  the  limestone  pillars.  These  beaches  con- 
sisted of  calcareous  shingle,  with  shells  of  recent  spedea,  the  farthest 
from  the  shore  being  60  feet  above  the  level  of  the  highest  tides.  In 
addition  to  the  drawings  of  the  pillars  caUed  the  flower-pots,  which  he 
has  published,t  I  have  been  favored  with  other  views  of  rocks  on  the 
same  coast,  drawn  Ly  Lieut.  A.  Bowen,  R.  N.     (See  fig.  97.) 

Ffg.»T. 


In  the  North -American  beaches  above  mentioned  rounded  fragments 
of  limestone  have  been  found  perforated  by  lilhodomi;  and  holes  drilled 
by  the  same  mollusks  have  been  detected  in  the  columnar  roclts  or 
"  flower-pots,"  showing  that  there  has  been  no  great  amount  of  atmos- 
pheric decomposition  on  the  surface,  or  the  cavities  alluded  to  would 
Lave  disappeared. 

Fig,  08. 


*  I  wa*  directed  by  M.  Ucalujea  to  tlii*  iipnt.  wliirh  I  visited  in  June,  183)1. 
t  8m  Tnuu.  of  Qeol.  S<ic  «ecund  Mriex,  vol  v.  pUte  t. 
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We  have  an  opportunity  of  seeing  in  the  Bermuda  islands  the  man- 
ner in  which  the  waves  of  the  Atlantic  have  worn,  and  are  now  wearing 
out,  deep  smooth  hollows  on  every  side  of  projecting  masses  of  hard 
limestone.  In  the  annexed  drawing,  communicated  to  me  by  Lieut 
Nelson,  the  excavations  c,  c,  c,  have  been  scooped  out  by  the  waves  in  a 
stone  of  very  modem  date,  which,  although  extremely  hard,  is  full  of 
recent  corals  and  shells,  some  of  which  retain  their  color. 

When  the  forms  of  these  horizontal  grooves,  of  which  the  surface  is 
sometimes  smooth  and  almost  polislied,  and  the  roofs  of  which  often 
overhang  to  the  extent  of  5  feet  or  more,  have  been  carefully  studied  by 
geologists,  they  will  serve  to  testify  tlie  former  action  of  the  waves  at 
innumerable  points  far  in  the  interior  of  the  continents.  But  we  must 
learn  to  distinguish  the  indentations  due  to  the  original  action  of  the 
sea,  and  those  caused  by  subsequent  chemical  decomposition  of  calcare- 
ous rocks,  to  which  they  are  liable  in  the  atmasphere. 

Notwithstanding  the  enduring  nature  of  the  marks  left  by  littoral 
action  on  calcareous  rocks,  we  can  by  no  means  detect  sea-beaches  and 
inland  dife  everywhere,  even  in  Sicily  and  tlie  Morea.  On  the  contrary, 
they  are,  upon  the  whole,  extremely  partial,  and  are  often  entirely  want- 
ing in  districts  composed  of  argillaceous  and  sandy  formations,  which 
must,  nevertheless,  have  been  upheaved  at  the  same  time,  and  by  the 
same  intermittent  movements,  as  the  adjoining  calcareous  rocks. 
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Alluvium  described — Due  to  complicated  causes — Of  various  ages,  as  shown  in 
Auvei^e — How  distinguished  from  rocks  in  iitu — River-terraces — Parallel 
roads  of  Glen  Roy — Various  theories  respecting  their  origin. 

Between  the  superficial  covering  of  vegetable  mould  and  the 
subjacent  rock  there  usually  intervenes  in  every  district  a  deposit 
of  loose  gravel,  sand,  and  mud,  to  which  the  name  of  alluvium  has 
been  applied.  The  term  is  derived  from  alluvio,  an  inundation,  or 
alluOy  to  wash,  because  the  pebbles  and  sand  commonly  resemble 
those  of  a  river's  bed  or  the  mud  and  gravel  spread  over  low  lands  by  a 
Hood. 

A  partial  covering  of  such  alluvium  is  found  alike  in  all  climates, 
from  the  equatorial  to  the  polar  regions  ;  but  in  the  higher  latitudes  of 
Europe  and  North  America  it  assumes  a  distinct  character,  being  very 
frequently  devoid  of  stratification,  and  containing  huge  fragments  of 
rock,  some  angular  and  others  rounded,  which  have  been  transported  to 
great  diatances  from  their  parent  mountains.    When  it  presents  itself 
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in  thU  fonn,  it  has  been  called  "  diluvium,"  "  drift,"  or  the  "  bouldef 
fbnnation  ;"  and  iu  probable  connection  with  tlie  agency  of  floating  ic« 
and  glaciers  will  be  treated  of  more  particularly  in  the  eleventh  and 
twelfth  chaptera. 

The  student  will  be  prepared,  by  what  I  have  said  in  the  laet  chapter 
on  denudation,  to  hear  that  loose  gravel  and  sand  are  often  met  with. 
not  only  on  the  low  grounds  bordering  rivers,  but  also  at  various  points 
on  the  sides  or  even  summits  of  mountains.  For,  in  the  course  of  those 
diangee  in  pliyeical  geography  which  may  take  place  during  the  gradual 
emergence  of  tlie  bottom  of  the  sea  and  ita  conversion  into  diy  land, 
any  spot  may  either  have  been  a  sunken  reef,  or  a  bay,  or  estuary,  or 
sea-shore,  or  Uie  bed  of  a  river.  For  this  reason  it  would  be  unreason- 
able to  hope  that  we  should  ever  be  able  to  account  for  all  the  alluvial 
phenomena  of  each  particular  country,  seeing  tliat  the  causes  of  their 
origin  are  so  complicated.  Moreover,  the  last  operations  of  water  have 
a  tendency  to  disturb  and  confound  together  all  pre-exietiug  alluviums. 
Hence  we  arc  always  in  danger  of  regarding  as  the  work  of  a  ungle 
era,  and  the  effect  of  one  cause,  what  has  in  reality  been  the  result  of  a 
variety  of  distinct  agents,  during  a  long  succession  of  geological  epoch*. 
Much  useful  instruction  may  therefore  be  gained  from  the  exploration  of 
a  country  like  Auvergne,  where  the  superficial  gravel  of  very  different 
eras  happens  to  have  been  preserved  by  sheets  of  lava,  which  were 
poured  out  one  after  the  other  at  periods  when  the  denudation,  and 
probably  the  upheaval,  of  rocks  were  in  progress.  That  region  had  al- 
ready acquired  in  some  degree  ita  present  configuration  before  any  volca- 
noes were  in  activity,  and  before  any  igneous  matter  was  superimposed 
upon  the  granite  and  fossiliferous  formations.  Tlie  pebbles  tlierefore  in 
the  older  gravels  are  ejiclusively  constituted  of  granite  and  other  aborip- 
nal  rocks ;  and  atlerwards,  when  volcanic  vents  hurst  forth  into  eruption, 


those  earlier  alluviums  were  covered  by  streams  of  lava,  which  protected 
them  from  intermiiture  with  gravel  of  subsequent  date.  In  the  courae 
of  ages,  a  new  system  of  valleys  was  excavated,  so  that  tlie  rivers  ran 
at  lower  levels  than  those  at  which  the  firat  alluviums  and  sheets  of  lava 
were  formed.  'When,  therefore,  fresh  eruptions  gave  rise  to  new  lava, 
the  melted  matter  was  poured  out  over  lower  grounds ;  and  the  gravel 
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of  these  plains  differed  from  the  first  or  upland  alluyium,  by  containing 
in  it  rounded  fragments  of  various  volcanic  rocks,  and  often  bones  be- 
longing  to  distinct  groups  of  land  animals  which  flourished  in  tlie  coun- 
try in  succession. 

The  annexed  drawing  will  explain  the  different  heights  at  which  beds 
of  lava  and  gravel,  each  distinct  from  the  other  in  composition  and  age. 
are  observed,  some  on  the  flat  tops  of  hills,  700  or  800  feet  high,  others 
on  the  slope  of  the  same  hills,  and  the  newest  of  all  in  the  channel  of 
the  existing  river  where  there  is  usually  gravel  alone,  but  in  some  cases 
a  naiTow  stripe  of  solid  lava  sharing  the  bottom  of  the  valley  with  the 
river.  In  all  these  accumulations  of  transported  matter  of  different 
ages,  the  bones  of  extinct  quadrupeds  have  been  found  belonging  to 
assemblages  of  land  mammalia  which  flourished  in  the  country  in  suc- 
cession, and  which  vary  specifically,  the  one  from  the  other,  in  a  greater 
or  leas  d^ree,  in  proportion  as  the  time  which  separated  their  entomb- 
ment has  been  more  or  less  protracted.  The  streams  in  the  same  district 
are  still  undermining  their  banks  and  grinding  down  into  pebbles  or 
sand,  columns  of  basalt  and  fragments  of  granite  and  gneiss ;  but  the 
older  aUuviums,  with  the  fossil  remains  belonging  to  them,  are  prevented 
from  being  mingled  with  the  gravel  of  recent  date  by  the  cappings  of 
lava  before  mentioned.  But  for  the  accidental  interference,  therefore,  of 
this  peculiar  cause,  all  the  alluviums  nught  have  passed  so  insensibly  the 
one  into  the  other,  that  those  formed  at  the  remotest  era  might  have 
appeared  of  the  same  date  as  the  newest,  and  the  whole  formation  might 
have  been  regarded  by  some  geologists  as  the  result  of  one  sudden  and 
violent  catastrophe.  * 

In  almost  every  country,  the  alluvium  consists  in  its  upper  part  of 
transported  materials,  but  it  often  passes  downwards  into  a  mass  of 
broken  and  angular  fragments  derived  from  the  subjacent  rock.  To  this 
mass  the  provincial  name  of  "  rubble,"  or  "  brash,"  is  given  in  many 
parts  of  England.  It  may  be  referred  to  the  weathering  or  disintegra- 
tion of  stone  on  the  spot,  the  effects  of  air  and  water,  sun  and  frost,  and 
chemical  decomposition. 

The  inferior  surface  of  alluvial  deposits  is  often  very  irregular,  con- 
forming to  all  the  inequalities  of  the  fundamental  rocks  (fig.  100).  Oc- 
casionally, a  small  mass,  as  at  c,  appears 
detached,  and  as  if  included  in  the  subja- 
cent formation.  Such  isolated  portions  are 
usually  sections  of  winding  subterranean 
hollows  filled  up  with  alluvium.  They 
may  have  been  the  courses  of  springs  or 
subterranean  streamlets,  which  have  flowed 
through  and  enlarged  natural  rents ;  or, 
when  on  a  small  scale  and  in  soft  strata, 
they  may  be  spaces  which  the  roots  of  large 
trees  have  once  occupied,  gravel  and  sand- 
having  been  introduced  after  their  decay. 
6 
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But  there  are  other  deep  hollows  of  a  cylindrical  form  fonnd  in  ^g- 
land,  France,  anii  elsewhere,  penetrating  the  white  chalk,  and  filled  with 
aand  and  gravel,  which  are  not  eo  readily  explained.  They  an  some- 
times called  "sand-pipes,"  or  "sand-galls,"  and  "puita  natureU,"  in 
France,     Those  represented  in  the  annexed  cut  were  observed  by  me  in 

inf,iDi. 


Bud-plpMln  Um  cbilk  at  Elton, 


1839,  laid  open  in  a  large  chalk-pit  near  Norwich.  TTiey  were  of  very 
symmetrical  fbnn,  the  la^;est  more  than  12  feet  in  diameter,  and  some 
of  them  had  been  traced,  by  boring,  to  tlie  depth  of  more  than  60  feet 
The  smaller  ones  varied  from  a  few  inches  to  a  foot  in  diamet«r,  and 
seldom  descended  more  than  12  feet  belon  the  surface.  Even  where 
three  of  tEcm  occurred,  as  at  a,  fig.  101,  very  close  together,  the  parting 
walls  of  soft  whil«  chalk  were  not  broken  through.  They  all  taper 
■downwards  and  end  in  a  point  As  a  general  rule,  sand  and  pebbles 
occupy  the  central  parts  of  each  pipe,  while  the  sides  and  bottom  are 
lined  with  clay. 

Mr,  Trimmer,  in  speaking  of  appearances  of  the  same  kind  in  the 
'Kentisii  chalk,  attributes  the  origin  of  such  "  sand-galls"  to  the  action 
■  of  tlie  sea  on  a  beach  or  shoal,  where  the  waves,  charged  with  shingle 
and  sand,  not  only  wear  out  longitudinal  fiirrows,  such  as  may  be  ob- 
served on  the  surface  of  the  chalk  near  Norwich  when  the  incumbent 
^gravel  is  removed,  but  also  drill  deep  circular  hollows  by  tlie  rotary  mo- 
tion imparted  to  sand  and  pebbles,  Such  furrows,  as  well  as  vertical 
•eavitits,  are  now  formed,  he  observes,  on  the  coast  where  the  shores  are 
composed  of  chalk.* 

That  the  commencement  of  many  of  the  tubular  cavities  now  uud^ 
ormsideration  has  been  due  to  the  cause  here  assigned,  I  have  little  doubt 
But  such  mechanical  action  could  not  have  hollowed  out  the  whole  of 
tlie  sand-pipes  c  and  <f,  fig.  101,  because  several  large  chalk-flints  seen 
protrading  from  the  walls  of  the  pipe*  have  not  been  eroded,  while  sand 
■ad  gravel  have  penetrated  many  feet  below  them.     In  other  caaca,  u 

•  tnainitx,  Prooaoding*  of  0«al,  8oc  mi  ir.  p.  1,  IMS. 
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at  h  6,  nmilar  unrounded  nodules  of  flint,  still  preserving  their  irregular 
form  and  white  coating,  are  found  at  various  depths  in  the  midst  of  the 
loose  materials  filling  the  pipe.  These  have  evidently  been  detached 
from  regular  layers  of  flints  occurring  above.  It  is  also  to  be  remarked 
that  the  course  of  the  same  sand-pipe,  b  6,  is  traceable  above  the  level 
of  the  chalk  for  some  distance  upwards,  through  the  incumbent  gravel 
and  sand,  by  the  obliteration  of  all  signs  of  stratification.  Occasionally, 
alao,  as  in  the  pipe  rf,  the  overlying  beds  of  gravel  bend  downwards  into 
the  month  of  the  pipe,  so  as  to  become  in  part  vertical,  as  would  happen 
if  horizontal  layers  had  sunk  gradually  in  consequence  of  a  failure  of 
support  All  these  phenomena  may  be  accounted  for  by  attributing  the 
enlargement  and  deepening  of  the  sand-pipes  to  the  chemical  action  of 
water  charged  with  carbonic  acid,  derived  from  the  vegetable  soil  and 
the  decaying  roots  of  trees.  Such  acid  might  corrode  the  chalk,  and 
deepen  indefinitely  any  previously  existing  hollow,  but  could  not  dissolve 
the  flints.  The  water,  after  it  had  become  saturated  with  carbonate  of 
lime,  might  freely  percolate  the  surrounding  porous  walls  of  chalk,  and 
escape  through  them  and  from  the  bottom  of  the  tube,  so  as  to  carry 
away  in  the  course  of  time  large  masses  of  dissolved  cidcareous  rock,* 
and  leave  behind  it  on  the  edges  of  each  tubular  hollow  a  coating  of  fine 
day,  which  the  white  chalk  contains. 

I  have  seen  tubes  precisely  similar  and  from  1  to  5  feet  in  diameter 
traversing  vertically  the  upper  half  of  the  soft  calcareous  building-stone, 
or  chalk  without  flints,  constituting  St  Peter^s  Mount,  Maestricht  These 
hollows  are  filled  with  pebbles  and  clay,  derived  from  overl3ring  beds  of 
gravel,  and  all  terminate  downwards  like  those  of  Norfolk.  I  was  in- 
formed that,  6  miles  from  Maestricht,  one  of  these  pipes,  2  feet  in  diam- 
eter, was  traced  downwards  to  a  bed  of  flattened  flints,  forming  an  almost 
continuous  layer  in  the  chalk.  Here  it  terminated  abruptly,  but  a  few 
small  root-like  prolongations  of  it  were  detected  immediately  below, 
probably  where  the  dissolving  substance  had  penetrated  at  some  points 
through  openings  in  tlie  .siliceous  mass. 

It  is  not  so  easy  as  may  at  first  appear  to  draw  a  clear  line  of  distinc- 
tion between  the  Jixed  rocks,  or  regular  strata  (rocks  in  situ  or  in  phce)y 
and  alluvium.  If  the  bed  of  a  torrent  or  river  be  dried  up,  we  call  the 
gravel,  sand,  and  mud  left  in  tlieir  channels,  or  whatever,  during  floods, 
they  may  have  scattered  over  the  neighboring  plains,  alluvium.  The 
very  same  materials  carried  into  a  lake,  where  they  become  sorted  by 
water  and  arranged  in  more  distinct  layers,  especially  if  tliey  inclose  the 
remains  of  plants,  shells,  or  other  fossils,  are  termed  regular  strata. 

In  like  manner  we  may  sometimes  compare  the  gravel,  sand,  and 
broken  shells,  strewed  along  the  path  of  a  rapid  marine  current,  with  a 
deposit  formed  contemporaneously  by  the  discharge  of  similar  materials, 
year  after  year,  into  a  deeper  and  more  tranquil  part  of  the  sea.  In 
such  cases,  when  we  detect  marine  shells  or  oUier  organic  remains  en- 

*  See  Lyell  on  Sand-pipes,  Ao.  FhiL  Mag.  third  series,  vol  zv.  p.  267,  Oct.  1889. 
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tombed  in  the  strata,  which  enable  us  to  determine  their  age  and  mode 
of  origin,  we  regard  them  as  part  of  the  regular  series  of  fossiliferous 
formations,  whereas,  if  there  are  no  fossils,  we  have  frequently  no  power 
of  separating  them  from  the  general  mass  of  superficial  alluvium. 

The  usual  rarity  of  organic  remains  in  beds  of  loose  gravel  and  sand 
is  partly  owing  to  the  rapid  and  turbid  water  in  which  they  were  formed 
having  been  in  a  condition  unfavorable  to  the  habitation  of  aquatic 
beings,  and  partly  to  their  porous  nature,  which,  by  allowing  the  free 
percolation  of  rain-water,  has  promoted  the  decomposition  and  removal 
of  organic  matter. 

It  has  long  been  a  matter  of  common  observation  that  most  rivers 
ai«  now  cutting  their  channels  through  alluvial  deposits  of  greater  depth 
and  extent  than  could  ever  have  been  formed  by  the  present  streams. 
From  this  fact  a  rash  inference  has  sometimes  been  drawn,  that  rivers  in 
general  have  grown  smaller,  or  become  less  liable  to  be  flooded  than 
formerly.  But  such  phenomena  would  be  a  natural  result  of  any  con- 
siderable oscillations  in  the  level  of  the  land  experienced  since  the  exist- 
ing valleys  originated. 

Suppose  part  of  a  continent,  comprising  within  it  a  large  hydrograph- 
ical  basin  like  that  of  the  Mississippi,  to  subside  several  inches  or  feet  in 
a  century,  as  the  west  coast  of  Greenland,  extending  600  miles  north 
and  south,  has  been  sinking  for  three  or  four  centuries,  between  the  lati- 
tudes 60^  and  69^  N.*  There  might  be  no  encroachment  of  the  sea 
at  the  river's  mouth  in  consequence  of  this  change  of  level,  but  the  fall 
of  the  waters  flowing  from  the  interior  being  lessened,  the  main  river 
and  its  tributaries  would  have  less  power  to  carry  down  to  its  delta,  and 
to  discharge  into  the  ocean,  the  sedimentary  matter  with  which  they  are 
annually  loaded.  They  would  all  begin  to  raise  their  channels  and  allu- 
vial plains  by  depositing  in  them  the  heavier  sand  and  pebbles  washed 
down  from  die  upland  country,  and  this  operation  would  take  place  most 
effectively  if  the  amount  of  subsidence  in  the  interior  was  unequal,  and 
especially  if,  on  the  whole,  it  exceeded  that  of  the  r^on  near  the  sea. 
If  then  the  same  area  of  land  be  again  upheaved  to  its  former  height, 
the  fall,  and  consequently  the  velocity,  of  every  river  would  begin  to 
augment  Each  of  them  would  be  less  given  to  overflow  its  alluvial 
plain  ;  and  their  power  of  carrjnng  earthy  matter  seaward,  and  of  scour- 
ing out  and  deepening  their  channels,  would  continue  till,  after  a  lapse 
of  many  thousand  years,  each  of  them  would  have  eroded  a  new  channel 
or  valley  through  a  fluviatile  formation  of  modem  date.  The  surface  of 
what  was  once  the  river-plain  at  the  period  of  greatest  depression,  would 
remain  fringing  the  valley  sides  in  the  form  of  a  terrace  apparently  flat, 
but  in  reality  sloping  down  with  the  general  inclination  of  the  river. 
Everywhere  this  terrace  would  present  clifis  of  gravel  and  sand,  facing 
the  river.  That  such  a  series  of  movements  has  actually  taken  place  in 
the  main  valley  of  the  Mississippi  and  in  its  tributary  valleys  during 

*  Prindplet  of  Oeologj,  7th  ed.  p.  606,  8th  ed.  609. 
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oadlladons  of  level,  I  h^ve  eodeaTored  to  show  in  tay  deBcriptJon  of  that 
mnntiy  ;*  and  the  freshwater  shells  of  existing  spedes  and  bones  o( 
butd  qnadrapeds,  partly  of  extinct  races  preserved  in  the  t«mcee  of  flu- 
viatile  origin,  attest  the  excluaion  of  the  sea  during  the  whole  process  ot 
filling  up  and  partial  re-excavation. 

In  manj'  cases,  the  alluvium  in  which  rivers  are  now  cutting  their 
channels,  ori^nat«d  when  the  land  first  rose  oat  of  Qie  sea.  If^  for  ex- 
ample, the  emergence  was  caused  by  a  gradual  and  uniform  motion, 
every  bay  and  estuary,  or  the  straits  between  islands,  would  dry  up 
slowly,  and  during  their  convereion  into  valleys,  every  part  of  the  up- 
heaved area  would  in  ita  turn  bo  a  sea-shore,  and  might  be  strewed  over 
with  littoral  sand  and  pebbles,  or  each  spot  might  be  the  point  where  a 
delta  accumulated  during  the  retreat  and  exclusion  of  the  sea.  MtUe- 
riala  so  accumulated  would  conform  to  the  general  slope  of  a  valley  from 
its  head  to  the  sea-coast. 

Siver  ttrraeet. — We  often  observe  at  a  short  distance  from  the  present 
bed  of  a  river  a  steep  cliff  a  few  feet  or  yards  high,  and  on  a  level  with 
the  top  of  it  a  flat  terrace  corresponding  in  appearance  to  the  alluvial 
plain  which  immediately  bordere  the  river.  This  terrace  is  again  bounded 
by  another  cliff',  above  which  a  second  terrace  sometimes  occurs :  and  in 
this  manner  two  or  three  ranges  of  clitls  and  terraces  are  occasionally 
seen  on  one  or  both  sides  of  the  Btream,  the  number  varying,  but  those 
on  the  opposite  sides  often  corresponding  in  height 
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These  terraces  are  Be]d:>m  continuous  for  great  distances,  and  thor 
sni&ce  slopes  downwards,  with  an  inclination  similar  to  that  of  the  river. 
Hey  are  readily  explained  if  we  adopt  the  hypolhesia  before  su^estad, 
of  a  gradual  rise  of  the  land ;  espedally  if,  while  rivers  are  shaping  out 
their  beds,  the  upheaving  movement  be  intermittent,  so  that  long  pauses 
shall  occur,  during  which  the  stream  will  have  time  to  encroach  upon 
me  <rf  its  banks,  so  as  to  clear  away  and  flatten  a  large  space.    This 
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operation  being  afterwards  repeated  at  lower  levels,  there  will  be  several 
successive  cliffs  and  terraces. 

Parallel  roads, — ^The  parallel  shelves,  or  roads,  as  they  have  been 
called,  of  Locbaber  or  Glen  Roy  and  other  continuous  valleys  in  Soot- 
land,  are  distinct  both  in  character  and  origin  from  the  terraces  above 
described  ;  for  they  have  no  slope  towards  the  sea  like  the  channel  of  a 
river,  nor  are  they  the  effect  of  denudation.  Glen  Roy  is  situated  in 
the  western  Highlands,  about  ten  miles  north  of  Fort  William,  near  the 
western  end  of  the  great  glen  of  Scotland,  or  Caledonian  Canal,  and  near 
the  foot  of  the  highest  of  the  Grampians,  Ben  Nevis.  Throughout  its 
whole  length,  a  distance  of  more  than  ten  miles,  two,  and  in  its  lower 
part  three,  parallel  roads  or  shelves  are  traced  along  the  steep  sides  of 
the  mountains,  as  represented  in  the  annexed  figure  (fig.  102),  each 
maintaining  a  perfect  horizontality,  and  continuing  at  exactly  the  same 
level  on  the  opposite  sides  of  the  glen.  Seen  at  a  distance,  they  appear 
like  ledges  or  roads,  cut  artificially  out  of  the  sides  of  the  hills ;  but 
when  we  are  upon  them  we  can  scarcely  recognize  their  existence,  so 
uneven  is  their  surface,  and  so  covered  with  boulders.  They  are  from 
10  to  60  feet  broad,  and  merely  differ  from  the  side  of  the  mountain  by 
being  somewhat  less  steep. 

On  closer  inspection,  we  find  that  these  terraces  are  stratified  in  the 
ordinary  manner  of  alluvial  or  littoral  deposits,  as  may  be  seen  at  those 
points  where  ravines  have  been  excavated  by  torrents.  The  parallel 
shelves,  therefore,  have  not  been  caused  by  denudation,  but  by  the  depo- 
sition of  detritus,  precisely  similar  to  that  which  is  dispersed  in  smaller 
quantities  over  the  declivities  of  the  hills  above.  These  hills  consist  of 
clay-slate,  mica-schist,  and  granite,  which  rocks  have  been  worn  away 
and  laid  bare  at  a  few  points  only,  in  a  line  just  above  the  parallel  roads. 
The  highest  of  these  roads  is  about  1250  feet  above  the  level  of  the  sea, 
the  next  about  200  feet  lower  than  the  uppermost,  and  the  third  still 
lower  by  about  50  feet  It  is  only  this  last,  or  the  lowest  of  the  three, 
which  is  continued  throughout  Glen  Spean,  a  large  valley  with  which 
Glen  Roy  unites.  As  the  shelves  are  always  at  the  same  height  above 
the  sea,  they  become  continually  more  elevated  above  the  river  in  pro- 
portion as  we  descend  each  valley ;  and  they  at  length  terminate  very 
abruptly,  without  any  obvious  cause,  either  in  the  shape  of  the  ground, 
or  any  change  in  the  composition  or  hardness  of  the  rocks.  I  should 
exceed  the  limits  of  this  work,  were  I  to  attempt  to  give  a  fiill  descrip- 
tion of  all  the  geographical  circumstances  attending  these  singular  ter^ 
races,  or  to  discuss  the  ingenious  theories  which  have  been  severally 
proposed  to  account  for  them  by  Dr.  MacCulloch,  Sir  T.  D.  Lauder,  and 
Messrs.  Darwin,  Agassiz,  Milne,  and  Chambers.  There  is  one  point, 
however,  on  which  all  are  agreed,  namely,  that  these  shelves  are  ancient 
beaches,  or  littoral  formations  accumulated  round  the  edges  of  one  or 
more  sheets  of  water  which  once  stood  at  the  level,  first  of  the  highest 
shelf,  and  successively  at  the  height  of  the  two  others.  It  is  well  known, 
that  wherever  a  lake  or  marine  fiord  exists  surrounded  by  steep  moim- 
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taiiiB  subject  to  disint^rration  by  frost  or  the  action  of  torrents,  some 
loose  matter  is  washed  down  annually,  especially  during  tlie  melting  of 

snow,  and  a  check  is  given  to  the  descent  of 
this  detritus  at  the  point  where  it  reaches 
the  waters  of  the  lake.  The  waves  then 
spread  out  the  materials  along  the  shore,  and 
throw  some  of  them  upon  the  beach  ;  their 
dispersing  power  being  aided  by  the  ice, 
which  often  adheres  to  pebbles  during  tlie 
winter  months,  and  gives  buoyancy  to  tliem. 
The  annexed  diagram  illustrates  tlie  manner 
in  which  Dr.  MacCuUoch  and  Mr.  Darwin 
suppose  "  the  roads"  to  constitute  mere  in- 
dentations in  a  superficial  alluvial  coating 
which  rests  upon  the  hill-side,  and  consists 
chiefly  of  clay  and  sharp  unrounded  stones. 

Among  other  proofe  that  the  parallel  roads  have  really  been  formed 
along  the  margin  of  a  sheet  of  water,  it  may  be  mentioned,  that  wher- 
ever an  isolated  hill  rises  in  the  middle  of  the  glen  above  the  level  of 
any  particular  shelf^  a  corresponding  shelf  is  seen  at  the  same  level 
passing  round  the  hill,  as  would  have  happened  if  it  had  once  formed  an 
island  in  a  lake  or  fiord.  Another  very  remarkable  2)eculiarity  in  these 
terraces  is  this ;  each  of  them  comes  in  some  portion  of  its  course  to  a 
oo/,  or  passage  between  the  heads  of  glens,  the  explanation  of  which  will 
be  considered  in  the  sequel. 

Those  writers  who  first  advocated  the  doctrine  that  the  roads  were  the 
ancient  beaches  of  freshwater  lakes,  were  unable  to  offer  any  prolmble 
hypothesis  respecting  the  formation  and  subsequent  removal  of  barriers 
of  sufficient  height  and  solidity  to  dam  up  the  water.  To  introduce 
any  violent  convulsion  for  their  removal  was  inconsistent  with  the  unin- 
terrupted horizontality  of  the  roads,  and  with  the  undisturbed  aspect  of 
those  parts  of  the  glens  where  the  shelves  come  suddenly  to  an  end. 
Mr.  Agassiz  and  Dr.  Buckland,  desirous,  like  the  defenders  of  the  lake 
theory,  to  account  for  the  limitation  of  the  shelves  to  certain  glens,  and 
their  absence  in  contiguous  glens,  where  the  rocks  are  of  the  s^ime  com- 
position, and  the  slope  and  inclination  of  the  ground  very  similar,  started 
the  conjecture  that  these  valleys  were  once  blocked  up  by  enonnous  gla- 
ciers descending  from  Ben  Nevis,  giving  rise  to  what  are  called  in  Swit- 
zerland and  in  the  Tyrol,  glacier-lakes.  After  a  time  the  icy  barrier 
was  broken  down,  or  melted,  first,  to  the  level  of  the  second,  and  after- 
wards to  that  of  the  third  road  or  shelf. 

In  corroboration  of  this  view,  tliey  contended  that  the  alluvium  of 
Glen  Roy,  as  well  as  of  other  parts  of  Scotland,  agrees  in  character  with 
the  moraines  of  glaciers  seen  in  the  Alpine  valleys  of  Switzerland.  Al- 
lusion will  be  made  in  the  eleventh  chapter  to  the  former  existence  of 
glaciers  in  the  Grampians :  in  the  mean  time  it  will  readily  be  concede<? 
that  this  hypothesis  is  preferable  to  any  previous  lacustrine  Uieory,  by 
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AoooiintiDg  more  easily  for  the  temporary  existence  mad  entire  diai^pear- 
ance  of  lofly  transverse  barriers,  although  the  height  required  ^  the 
imaginary  dams  of  ice  may  be  startling. 

Before  the  idea  last  alluded  to  had  been  entertained,  Mr.  Darwin  ex- 
amined Glen  Roy,  and  came  to  the  opinion  that  the  shelves  were  formed 
when  the  glens  were  still  arms  of  the  sea,  and,  consequently,  that  there 
never  were  any  barriers.  According  to  him,  the  land  emerged  during  a 
slow  and  uniform  upward  movement,  like  that  now  experienced  through- 
out a  large  part  of  Sweden  and  Finland  ;  but  there  were  certain  pauses 
in  the  upheaving  process,  at  which  times  the  waters  of  the  sea  remained 
stationary  fur  so  many  centuries  as  to  allow  of  the  accumulation  of  hu 
extraordinary  quantity  of  detrital  matter,  and  the  excavation,  at  points 
immediately  above,  of  many  deep  notches  and  bare  cliflb  in  the  hard 
and  solid  rock. 

The  phenomena  which  are  most  difficult  to  reconcile  with  this  theory 
are,  first,  the  abrupt  cessation  of  the  roads  at  certain  points  in  the  dififer- 
ent  glens ;  secondly,  their  unequal  number  in  different  valleys  connecting 
with  each  otlier,  there  being  three,  for  example,  in  Glen  Roy  and  only 
one  in  Glen  Spean  ;  thirdly,  the  precise  horizontality  of  level  maintained 
by  tlie  same  shelf  over  a  space  many  leagues  in  length  requiring  us  to 
assume,  that  during  a  rise  of  1250  feet  no  one  portion  of  the  land  was 
raised  even  a  few  yards  above  another ;  fourthly,  the  coincidence  of  level 
already  alluded  to  of  each  shelf  with  a  col,  or  the  point  forming  the 
head  of  two  glens,  from  which  the  rain-waters  flow  in  opposite  directions. 
This  last-mentioned  feature  in  the  physical  geography  of  Lochaber  seems 
to  have  been  explained  in  a  satisfactory  manner  by  Mr.  Darwin.  He 
calls  these  cols  "  landstraits,''  and  regards  them  as  having  been  anciently 
sounds  or  channels  between  islands.  He  points  out  that  there  is  a 
tendency  in  such  sounds  to  be  silted  up,  and  always  the  more  so  in  pro- 
portion to  their  narrowness.  In  a  chart  of  the  Falkland  Islands  by 
Capt  Sullivan,  R.  N.,  it  appears  that  there  are  several  examples  there  of 
straits  whore  the  soundings  diminish  regularly  towards  the  narrowest 
part.  One  is  so  nearly  dry  that  it  can  be  walked  over  at  low  water,  and 
another,  no  longer  covered  by  the  sea,  is  supposed  to  have  recently  dried 
up  in  consequence  of  a  small  shift  in  the  relative  level  of  sea  and  land. 
"  Similar  straits,"  observes  Mr.  Chambers,  "  hovering,  in  character,  be- 
tween sea  and  land,  and  which  may  be  called  fords,  are  met  with  in  the 
Hebrides.  Such,  for  example,  is  the  passage  dividing  the  islands  of 
Lewis  and  Harris,  and  that  between  North  Uist  and  Benbecula,  both  of 
which  would  undoubtedly  appear  as  cols,  coinciding  with  a  terrace  or 
raised  beach,  all  round  the  islands,  if  the  sea  were  to  subside."* 

The  predse  horizontality  of  level  maintained  by  the  roads  or  shelves 
of  Lochaber,  over  an  area  many  leagues  in  length  and  breadth,  is  a  dif- 
ficulty common  in  some  degree  to  all  the  rival  hypotheses,  whether  of 
lakes  or  glaciers,  or  of  the  simple  upheaval  of  the  land  above  the  se^ 

•  ''Ancient  Sea  KaigiDa,*'  p.  114,  by  R.  Chamben. 
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For  we  cannot  suppose  the  roads  to  be  more  ancient  than  the  glacial 
period,  or  the  era  of  the  boulder  formation  of  Scotland,  of  which  I  shall 
speak  in  the  eleventh  and  twelftli  chapters.  Strata  of  that  era  of  marine 
origin  containing  northern  shells  of  existing  species  have  been  found  at 
vmrious  heights  in  Scotland,  some  on  the  east  and  others  on  the  west 
coast  from  20  to  400  feet  high  ;  and  in  one  region  in  Lanarkshire  not 
less  than  524  feet  above  high-water  mark.  It  seems,  tiierefore,  in  the 
highest  d^ee  improbable  that  Glen  Roy  should  have  escaped  entirely 
the  upward  movement  experienced  in  so  many  surrounding  regions, — a 
movement  implied  by  the  position  of  these  marine  deposits,  in  which 
the  shells  are  almost  all  of  known  recent  species.  But  if  the  motion  has 
really  extended  to  Glen  Roy  and  the  contiguous  glens,  it  must  have  up- 
lifted them  bodily,  without  in  the  slightest  degree  affecting  their  hori- 
zontality ;  and  this  being  admitted,  the  principal  objection  to  the  theory 
of  marine  beaches,  founded  on  the  uniformity  of  upheaval,  is  removed, 
or  is  at  least  common  to  every  theory  hitherto  proposed. 

To  assume  that  the  ocean  has  gone  down  from  the  level  of  the  upper- 
most shelf^  or  1250  feet,  simultaneously  all  over  the  globe,  while  the 
land  remained  unmoved,  is  a  view  which  will  find  favor  with  very  few 
geologists,  for  the  reasons  explained  in  the  fifth  chapter. 

The  student  will  perceive,  from  the  above  sketch  of  the  controversy 
respecting  the  formation  of  these  curious  shelves,  that  this  problem,  like 
many  others  in  geology,  is  as  yet  only  solved  in  part ;  and  that  a  larger 
number  of  facts  must  be  collected  and  reasoned  upon  before  the  question 
can  be  finally  settled. 


CHAPTER  VIII. 

CHRONOLOGICAL   CLASSIFICATION    OF   ROCKS. 

AqueouA,  plutonic,  volcanic,  and  metamorphic  rocks,  considered  chronologically — 
Lehman's  division  into  primitive  and  secondary — "Werner's  addition  of  a  tran- 
sition claM — Neptunian  theory — Hutton  on  igneous  origin  of  granite — How  the 
name  of  primary  was  still  retained  for  granite — The  term  "  transition,''  why 
fiuilty — ^The  adherence  to  the  old  chronological  nomenclature  retarded  the 
progress  of  geology — New  hypothesis  invented  to  reconcile  the  igneous  origin 
of  granite  to  the  notion  of  its  high  antiquity — Explanation  of  the  chronological 
Domendatnre  adopted  in  this  work,  so  far  as  regards  primary,  secondary,  and 
tertiary  periods. 

In  the  first  chapter  it  was  stated  that  the  four  great  classes  of  rocks, 
the  aqueous,  the  volcanic,  the  plutonic,  and  the  metamorphic,  would  each 
be  considered  not  only  in  reference  to  their  mineral  characters,  and  mode 
of  origin,  but  also  to  their  relative  age.  The  preservation  of  the  shelves 
may  have  required,  says  Darwin,  the  quick  growth  of  green  turf  on  a 
good  soil ;  their  abrupt  cessation  may  mark  the  place  where  the  soil  was 
banen,  and  when  a  green  sward  formed  slowly.    In  regard  to  the  aqne- 
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ous  rocks,  we  have  already  seen  that  they  are  stratified,  that  some  are 
calcareous,  others  argillaceous  or  siliceous,  some  made  up  of  sand,  others 
of  pebbles ;  that  some  contain  freshwater,  others  marine  fossils,  and  so 
forth ;  but  the  student  has  still  to  learn  which  rocks,  exhibiting  some  or 
all  of  these  characters,  have  originated  at  one  period  of  the  earth's 
history,  and  which  at  another. 

To  determine  this  point  in  reference  to  the  fossiliferous  formations  is 
more  easy  than  in  any  other  class,  and  it  is  therefore  the  most  convenient 
and  natural  method  to  begin  by  establishing  a  chronology  for  these  fos- 
siliferous strata,  and  then  to  endeavor  to  refer  to  the  same  divisions,  the 
several  groups  of  plutonic,  volcanic,  and  metamorphic  rocks.  This  system 
of  classification  is  not  only  recommended  by  its  greater  clearness  and  far 
cility  of  application,  but  is  also  best  fitted  to  strike  the  imagination  by 
bringing  into  one  view  the  past  changes  of  the  inorganic  world,  and  the 
contemporaneous  revolutions  of  the  organ ic  creation.  For  the  sedimentary 
formations  of  successive  periods  are  most  readily  distinguished  by  the  dif- 
ferent species  of  fossil  animals  and  plants  which  they  inclose,  and  of  which 
one  race  after  another  has  flourished  and  then  disappeared  from  the  earth. 

But  before  entering  specially  on  the  subdivisions  of  the  aqueous  rocks 
arranged  according  to  the  order  of  time,  it  will  be  desirable  to  say  a  few 
words  on  the  chronology  of  rocks  in  general,  although  in  doing  so  we 
shall  be  unavoidably  led  to  allude  to  some  classes  of  phenomena  whidi 
the  beginner  must  not  yet  expect  fully  to  comprehend. 

It  was  for  many  years  a  received  opinion,  tliat  the  formation  of  entire 
families  of  rocks,  such  as  the  plutonic  and  those  crystalline  schists  spok^ 
of  in  the  first  chapter  as  metamorphic,  began  and  ended  before  any 
members  of  the  aqueous  and  volcanic  orders  were  produced ;  and  al- 
though tliis  idea  has  long  been  modifieil,  and  is  nearly  exploded,  it  will 
be  necessary  to  give  some  account  of  the  ancient  doctrine,  in  order  that 
beginners  may  understand  whence  many  prevailing  opinions,  and  some 
part  of  the  nomenclature  of  geology,  still  partially  in  use,  was  derived. 

About  the  middle  of  the  last  century,  Lehman,  a  German  miner,  pro- 
posed to  divide  rocks  into  three  classes,  the  first  and  oldest  to  be  called 
primitive,  comprising  the  hypogene,  or  plutonic  and  metamorphic  rocks ; 
the  next  to  be  termed  secondary,  comprehending  the  aqueous  or  fossilif- 
erous strata ;  and  the  remainder,  or  third  class,  corresponding  to  our 
alluvium,  ancient  and  modem,  which  he  referred  to  "  local  floods,  and 
the  deluge  of  Noah."  In  the  primitive  class,  he  said,  such  as  granite 
and  gneiss,  there  are  no  organic  remains,  nor  any  signs  of  materials  de- 
rived from  the  ruins  of  pre-existing  rocks.  Their  origin,  therefore,  may 
have  been  purely  chemical,  antecedent  to  the  creation  of  living  beings, 
and  probably  coeval  with  the  birth  of  the  world  itself.  The  secondary 
formations,  on  the  contrary,  which  often  contain  sand,  pebbles,  and  or- 
ganic remains,  must  have  been  mechanical  deposits,  produced  aft^r  the 
planet  had  become  the  habitation  of  animals  and  plants.  This  bold 
generalization,  although  anticipated  in  some  measure  by  Steno,  a  century 
before,  in  Italy,  formed  at  the  time  an  important  step  in  the  progress  <^ 
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geol<^%  and  sketched  out  correctly  some  of  the  leading  divisions  into 
which  rocks  may  be  separated.  About  half  a  century  later,  Werner,  so 
justly  celebrated  for  his  improved  methods  of  discriminating  the  minera- 
logical  characters  of  rocks,  attempted  to  improve  Lehman's  classification, 
and  with  tliis  view  intercalated  a  class,  called  bv  him  ^*  the  transition 
formations,"  between  the  primitive  and  secondary.  Between  these  last 
he  had  discovered,  in  northern  Germany,  a  series  of  strata,  which  in  their 
mineral  peculiarities  were  of  an  intermediate  character,  partaking  in 
some  degree  of  the  crystalline  nature  of  micaceous  schist  and  clay-slate, 
and  yet  exhibiting  here  and  there  signs  of  a  mechanical  origin  and  or- 
ganic remains.  For  this  group,  therefore,  forming  a  passage  between 
Lehman's  primitive  and  secondary  rocks,  the  name  of  uhergang  or  transi- 
tion was  proposed.  They  consisted  principally  of  clay-slate  and  an  ar- 
gillaceous sandstone,  called  grauwacke,  and  partly  of  calcareous  beds. 
It  happened  in  the  district  which  Werner  first  investigated,  that  both  the 
primitive  and  transition  strata  were  highly  inclined,  while  the  beds  of 
the  newer  fossiliferous  rocks,  the  secondary  of  Lehman,  were  horizontal. 
To  these  latter,  therefore,  he  gave  the  name  of  fldtz^  or  "  a  level  floor ;" 
and  every  deposit  more  modern  than  the  chalk,  which  was  classed  as  the 
uppermost  of  the  flOtz  series,  was  designated  "  the  overfloweil  land,"  an 
expression  which  may  be  regarded  as  equivalent  to  alluvium,  although 
under  this  appellation  were  confounded  all  the  strata  afterwards  called 
tertiary,  of  which  Werner  had  scarcely  any  knowledge.  As  the  followers 
of  Werner  soon  discovered  that  the  inclined  position  of  the  **  transition 
beds,"  and  the  horizontality  of  the  flOtz,  or  newer  fossiliferous  strata, 
were  mere  local  accidents,  they  soon  abandoned  the  term  fiotz ;  and  the 
tour  divisions  of  the  Wemerian  school  were  then  named  primitive, 
transition,  secondary,  and  alluvial. 

As  to  the  trappean  rocks,  although  their  igneous  origin  had  been 
already  demonstrated  by  Arduino,  Fortis,  Faujas,  and  others,  and  espe- 
cially by  Desmarest,  they  were  all  regarded  by  Werner  as  aqueous,  and 
as  mere  subordinate  members  of  the  secondary  series.^ 

This  theory  of  Werner's  was  called  the  "  Neptunian,"  and  for  many 
years  enjoyed  much  popularity.  It  assumed  that  the  globe  had  been  at 
fint  invested  by  a  universal  chaotic  ocean,  holding  tlie  materials  of  all 
rocks  in  solution.  From  the  waters  of  this  ocean,  granite,  gneiss,  and 
other  crystalline  formations,  were  first  precipitated ;  and  afterwards,  when 
the  waters  were  purged  of  these  ingredients,  and  more  nearly  resembled 
those  of  our  actual  seas,  the  transition  strata  were  deposited.  These 
were  of  a  mixed  character,  not  purely  chemical,  because  the  waves  and 
corrents  had  already  begun  to  wear  down  solid  land,  and  to  give  rise  to 
pebbles,  sand,  and  mud ;  nor  entirely  without  fossils,  because  a  few  of 
the  first  marine  animals  had  begun  to  exist.  After  this  period,  the  sec- 
ondary formations  were  accumulated  in  waters  resembling  those  of  the 
present  ocean,  except  at  certain  intervals,  when,  from  causes  wholly  un- 

*  See  Principlea,  vol  L  chap  iv. 
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explained,  a  partial  recurrence  of  the  ^  chaotic  fluid"  took  place,  during 
which  various  trap  rocks,  some  highly  crystalline,  were  formed.  This 
arbitrary  hypothesis  rejected  all  intervention  of  igneous  agency,  volcanoes 
being  regarded  as  modem,  partial,  and  superficial  accidents,  of  trifling 
account  among  the  great  causes  which  have  modified  the  external  struc- 
ture of  the  globe. 

Meanwhile  Ilutton,  a  contemporary  of  Werner,  began  to  teach,  in 
Scotland,  that  granite  as  well  as  trap  was  of  igneous  origin,  and  had  at 
various  periods  intruded  itself  in  a  fluid  state  into  different  parts  of  the 
earth's  crust  He  recognized  and  faithfully  described  many  of  the  phe- 
nomena of  granitic  veins,  and  the  alterations  produced  by  them  on  the 
invaded  strata,  which  will  be  treated  of  in  the  thirty-second  chapter. 
He,  moreover,  advanced  the  opinion,  that  the  crystalline  strata  called 
primitive  had  not  been  precipitated  from  a  primaeval  ocean,  but  were 
sedimentary  strata  altered  by  heat  In  his  writings,  therefore,  and  in 
those  of  his  illustrator,  Playfair,  we  find  the  germ  of  that  metaroorphic 
theory  which  has  been  already  hinted  at  in  the  first  chapter,  and  which 
will  be  more  fully  expounded  in  the  thirty-fourth  and  thirty-fifth  chapters. 

At  length,  after  much  controversy,  the  doctrine  of  the  igneous  origin 
of  trap  and  granite  made  its  way  into  general  favor ;  but  although  it 
was,  in  consequence,  admitted  that  both  granite  and  trap  had  been  pro- 
duced at  many  successive  periods,  the  term  primitive  or  primary  still 
continued  to  be  applied  to  the  crystalline  formations  in  general,  whether 
stratified,  like  gneiss,  or  unstratified,  like  granite.  The  pupil  was  told 
that  granite  was  a  primary  rock,  but  that  some  granites  were  newer  than 
certain  secondary  formations ;  and  in  conformity  with  the  spirit  of  the 
ancient  language,  to  which  the  teacher  was  still  determined  to  adhere,  a 
desire  was  naturally  engendered  of  extenuating  the  importance  of  those 
more  modem  granites,  the  tme  dates  of  which  new  observations  were 
continually  bringing  to  light 

A  no  less  decided  inclination  was  shown  to  persist  in  the  use  of  the 
term  "  transition,"  after  it  had  been  proved  to  be  almost  as  feulty  in  its 
original  application  as  that  of  flotz.  The  name  of  transition,  as  already 
stated,  was  first  given  by  Werner,  to  designate  a  mineral  character,  in- 
termediate between  the  highly  crystalline  or  metamorphic  state  and  that 
of  an  ordinary  fossiliferous  rock.  But  the  term  acquired  also  from  the 
first  a  chronological  import,  because  it  had  been  appropriated  to  sedi- 
mentary formations,  which,  in  the  Hartz  and  other  parts  of  Germany, 
were  more  ancient  than  the  oldest  of  the  secondary  series,  and  weie 
characterized  by  peculiar  fossil  zoophytes  and  shells.  When,  therefore, 
geologists  found  in  other  districts  stratified  rocks  occupying  the  same  po- 
sition, and  inclosing  similar  fossils,  they  gave  to  them  also  the  name  of 
transition,  according  to  mles  which  will  be  explained  in  the  next  chapter ; 
yet,  in  many  cases,  such  rocks  were  found  not  to  exhibit  the  same  min- 
eral texture  which  Werner  had  called  transition.  On  the  contrary,  many 
of  them  were  not  more  crystalline  than  diflferent  members  of  the  second- 
ary class ;  while,  on  the  other  hand,  these  last  were  sometimes  found  to 
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ftflBume  a  semi-ciTstalline  and  almost  metamorphic  aspect,  and  thus,  on 
lithological  grounds,  to  deserve  equally  the  name  of  transition.  So  re- 
markably was  this  the  case  in  the  Swiss  Alps,  that  certain  rocks,  which 
had  for  years  been  regarded  by  some  of  the  most  skilful  disciples  of 
Werner  to  be  transition,  were  at  last  acknowledged,  when  their  relative 
position  and  fossils  were  better  understood,  to  belong  to  the  newest  of 
the  secondary  groups ;  nay,  some  of  them  have  actually  been  discovered 
to  be  members  of  the  lower  tertiary  series !  If,  under  such  circum- 
stances, the  name  of  transition  was  retained,  it  is  clear  that  it  ought  to 
have  been  applied  without  reference  to  the  age  of  strata,  and  simply  as 
expressive  of  a  mineral  peculiarity.  The  continued  appropriation  of  the 
term  tc^  formations  of  a  given  date,  induced  geologists  to  go  on  believing 
that  the  ancient  strata  so  designated  bore  a  less  resemblance  to  the  sec- 
(Midary  than  is  really  the  case,  and  to  imagine  that  these  last  never  pass, 
aa  they  frequently  do,  into  metamorphic  rocks. 

The  poet  Waller,  when  lamenting  over  the  antiquated  style  of  Chaucer, 
complains  that — 

We  write  in  sand,  our  language  grows, 
And,  hke  the  tide,  our  work  o'erflows. 

But  the  reverse  is  true  in  geology ;  for  here  it  is  our  work  which  contin- 
ually outgrows  the  language.  The  tide  of  observation  advances  with 
such  speed  that  improvements  in  theory  outrun  the  changes  of  nomen- 
chiture ;  and  the  attempt  to  inculcate  new  truths  by  words  invented  to 
to  express  a  different  or  opposite  opinion,  tends  constantly,  by  the  force 
of  association,  to  perpetuate  error ;  so  that  dogmas  renounced  by  the 
reason  still  retain  a  strong  hold  upon  the  imagination. 

In  order  to  reconcile  the  old  chronological  views  with  the  new  doctrine 
of  the  igneous  origin  of  granite,  the  following  hypothesis  was  substi- 
tuted for  that  of  the  Neptimists.  Instead  of  beginning  with  an  aqueous 
menstruum  or  chaotic  fluid,  the  materials  of  the  present  crust  of  the 
earth  were  supposed  to  have  been  at  first  in  a  state  of  igneous  fusion, 
until  part  of  the  heat  having  been  diffused  into  surrounding  space,  the 
sur&ce  of  the  fluid  consolidated,  and  formed  a  crust  of  granite.  This 
covering  of  crystalline  stone,  which  afterwards  grew  thicker  and  thicker 
as  it  cooled,  was  so  hot,  at  first,  that  no  water  could  exist  upon  it ;  but 
as  the  refrigeration  proceeded,  the  aqueous  vapor  in  the  atmosphere  was 
condensed,  and,  falling  in  rain,  gave  rise  to  the  first  thermal  ocean.  So 
high  was  the  temperature  of  this  boiling  sea,  that  no  aquatic  beings 
could  inhabit  its  waters,  and  its  deposits  were  not  only  devoid  of  fossils, 
but,  like  those  of  sc  me  hot  springs,  were  highly  crystalline.  Hence  the 
origin  of  the  primary  or  crystalline  strata, — gneiss,  mica-schist,  and  the 
rest. 

Afterwards,  when  the  granitic  crust  had  been  partially  broken  up, 
land  and  mountains  began  to  rise  above  the  waters,  and  rains  and  tor- 
rents ground  down  rock,  so  that  sediment  was  spread  over  the  bottom 
of  the  seas.    Yet  the  heat  still  remaining  in  the  solid  supporting  sub- 
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stances  was  sufficient  to  increase  the  chemical  action  exerted  by  the 
water,  although  not  so  intense  as  to  prevent  the  introduction  and  in- 
crease of  some  living  beings.  During  this  state  of  things  some  of  the 
residuary  mineral  ingredients  of  the  primaBval  ocean  were  precipitated, 
and  formed  deposits  (the  transition  strata  of  Werner),  half  chemical  and 
half  mechanical,  and  containing  a  few  fossils. 

By  this  new  theory,  which  was  in  part  a  revival  of  the  doctrine  of 
Leibnitz,  published  in  1680,  on  the  igneous  origin  of  the  planet,  the  old 
ideas  respecting  the  priority  of  all  crystalline  rocks  to  the  creation  of 
organic  beings,  were  still  preserved ;  and  the  mistaken  notion  that  all 
the  semi-crystalline  and  partially  fossiliferous  rocks  belonged  to  one  pe- 
riod, while  all  the  earthy  and  uncrystalline  formations  originated  at  a 
subsequent  epoch,  was  also  perpetuated. 

It  may  or  may  not  be  true,  as  the  great  Leibnitz  imagined,  that  the 
whole  planet  was  once  in  a  state  of  liquefaction  by  heat ;  but  there  are 
certainly  no  geological  proofe  that  the  granite  which  constitutes  the 
foundation  of  so  much  of  the  earth's  crust  was  ever  at  once  in  a  state  of 
universal  fusion.  On  the  contrary,  all  our  evidence  tends  to  show  that 
the  formation  of  granite,  like  the  deposition  of  the  stratified  rocks,  has 
been  successive,  and  that  different  portions  of  granite  have  been  in  a 
melted  state  at  distinct  and  often  distant  periods.  One  mass  was  solid, 
and  had  been  fractured,  before  another  body  of  granitic  matter  was  in- 
jected into  it,  or  through  it,  in  the  form  of  veins.  Some  granites  are 
more  ancient  than  any  known  fossiliferous  rocks ;  others  are  of  second- 
ary ;  and  some,  such  as  that  of  Mont  Blanc  and  part  of  the  central  axis 
of  the  Alps,  of  tertiary  origin.  In  short,  the  universal  fluidity  of  the 
crystalline  foundations  of  the  earth's  crust,  can  only  be  understood  in 
the  same  sense  as  the  universality  of  the  ancient  ocean.  All  the  land 
has  been  under  water,  but  not  all  at  one  time ;  so  all  the  subterranean 
unstratified  rocks  to  which  man  can  obtain  access  have  been  melted,  but 
not  simultaneously. 

In  the  present  work  the  four  great  classes  of  rocks,  the  aqueous,  plu- 
tonic,  volcanic,  and  motimorphic,  will  form  four  parallel,  or  nearly  par- 
allel, columns  in  one  chronological  table.  They  will  be  considered  as 
four  sets  of  monuments  relating  to  four  contemporaneous,  or  nearly  con- 
temporaneous, series  of  events.  I  shall  endeavor,  in  a  subsequent  chapter 
on  the  plutonic  rocks,  to  explain  the  manner  in  which  certain  masses 
belonging  to  each  of  the  four  classes  of  rocks  may  have  originated 
simultaneously  at  every  geological  period,  and  how  the  eartli's  crust  may 
have  been  continually  remodelled,  above  and  below,  by  aqueous  and  ig- 
neous causes,  from  times  indefinitely  remote.  In  the  same  manner  as 
aqueous  and  fossiliferous  strata  are  now  formed  in  certain  sciis  or  lakes, 
while  in  other  places  volcanic  rocks  break  out  at  the  surface,  and  are 
connected  with  reservoirs  of  melted  matter  at  vast  depths  in  the  bowels 
of  the  earth, — so,  at  every  era  of  the  past,  fossiliferous  deposits  and  su- 
perficial igneous  rocks  were  in  progress  contemporaneously  with  others 
of  subterranean  and  plutonic  origin,  and  some  sedimentary  strata  were 
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tfposed  to  heat  and  made  to  assume  a  crystalline  or  metamorphic 
structure. 

It  can  bj  no  means  be  taken  for  granted,  that  during  all  these  changes 
the  Bolid  crust  of  the  earth  has  been  increasing  in  Uiickness.  It  has 
been  shown,  that  so  far  as  aqueous  action  is  concerned,  the  gain  by  fresh 
deposits,  and  the  loss  by  denudation,  must  at  each  period  have  been 
equal  (see  above,  p.  68) :  and  in  like  manner,  in  the  inferior  portion  of 
the  earth's  crust,  the  acquisition  of  new  crystalline  rocks,  at  each  suc- 
cessive era,  may  merely  have  counterbalanced  the  loss  sustained  by  the 
melting  of  materials  previously  consolidated.  As  to  the  relative  an- 
tiquity of  the  crystalline  foundations  of  the  earth's  crust,  when  compared 
to  the  fossiliferous  and  volcanic  rocks  which  they  support,  I  have  already 
stated,  in  the  first  chapter,  that  to  pronounce  an  opinion  on  this  matter 
is  as  difficult  as  at  once  to  decide  which  of  the  two,  whether  the  founda- 
tions or  superstructure  of  an  ancient  city  built  on  wooden  piles,  may  be 
the  oldest  We  have  seen  that,  to  answer  this  question,  we  must  first 
be  prepared  to  say  whether  the  work  of  decay  and  restoration  had  gone 
on  mo«t  rapidly  above  or  below,  whether  the  average  duration  of  the 
piles  has  exceeded  that  of  the  stone  building,  or  the  contrary.  So 
also  in  regard  to  the  relative  age  of  the  superior  and  inferior  portions 
of  the  earth's  crust ;  we  cannot  hazard  even  a  conjecture  on  this  point, 
until  we  know  whether,  upon  an  average,  the  power  of  water  above,  or 
that  of  heat  below,  is  most  efficacious  in  giving  new  forms  to  solid 
matter. 

After  the  observations  which  have  now  been  made,  the  reader  will 
perceive  that  the  term  primary  must  either  be  entirely  renounced,  or,  if 
retained,  must  be  diflferently  defined,  and  not  made  to  designate  a  set  of 
crystalline  rocks,  some  of  which  are  already  ascertained  to  be  newer  than 
all  the  secondary  formations.  In  this  work  I  shall  follow  most  nearly 
the  method  proposed  by  Mr.  Bou6,  who  has  called  all  fossiliferous  rocks 
older  than  the  secondary  by  the  name  of  primary.  To  prevent  confu- 
sion, however,  I  shall  always  speak  of  these,  when  they  are  of  the  aque- 
ous class,  as  the  primary  fossiliferous  formations,  Wause  the  word 
primary  has  hitherto  been  almost  inseparably  connected  with  the  idea  of 
a  non-fossiliferous  rock. 

K  we  can  prove  any  plutonic^  volcanic,  or  metamorphic  rocks  to  be 
older  than  the  secondary  formations,  such  rocks  will  also  be  primar}*, 
aceording  to  this  system.  Mr.  Boue,  having  with  great  propriety  ex- 
cluded the  metamorphic  rocks,  as  a  class,  from  the  primary  formations, 
proposed  to  call  them  all  *'  crystalline  schists." 

As  there  are  secondary  fossiliferous  strata,  so  we  shall  find  that  there 
are  plutonic,  volcanic,  and  metamorphic  rocks  of  contemporaneous  or- 
igin, which  I  shall  also  term  secondary. 

In  the  next  chapter  it  will  be  shown  that  the  strata  above  the  chalk 
have  been  called  tertiary.  If,  therefore,  we  discover  any  volcanic,  plu- 
tonic, or  metamorphic  rocks,  which  have  originated  since  the  depositioD 
of  the  chalk,  these  also  will  rank  as  tertiary  formations. 
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It  may  perhaps  be  suggested  that  some  metamorphic  strata,  and  some 
granites,  may  be  anterior  in  date  to  the  oldest  of  the  primary  fossilifer- 
ous  rocks.  This  opinion  is  doubtless  true,  and  will  be  discussed  in  future 
chapters ;  but  I  may  here  observe,  that  when  we  arrange  the  four  dasses 
of  rocks  in  four  parallel  columns  in  one  table  of  chronology,  it  is  by  no 
means  assumed  that  these  columns  are  all  of  equal  length ;  one  may 
begin  at  an  earlier  period  than  the  rest,  and  another  may  come  down  to 
a  later  point  of  time.  In  the  small  part  of  the  globe  hitherto  examined, 
it  is  hardly  to  be  expected  that  we  should  have  discovered  either  the 
oldest  or  the  newest  members  of  each  of  the  four  classes  of  rocks.  Thus, 
if  there  be  primary,  secondary,  and  tertiary  rocks  of  the  aqueous  or  fos- 
siliferous  class,  and  in  like  manner  primary,  secondary,  and  tertiary  hypo- 
gene  formations,  we  may  not  be  yet  acquainted  with  the  most  ancient  of 
the  primary  fossiliferous  beds,  or  with  die  newest  of  the  hypogene. 


CHAPTER  IX. 

ON  THE  DIFFERENT  AGES  OF  THE  AQUEOUS  ROCKS. 

On  the  three  principal  tests  of  relative  age — Superposition,  mineral  character, 
and  fossils — Change  of  mineral  character  and  fossils  in  the  same  continaoas 
formation — Proofs  that  distinct  species  of  animals  and  plants  have  lived  at  suc- 
cessive periods — Distinct  provinces  of  indigenous  species — Great  extent  of 
single  provinces — Similar  laws  prevailed  at  successive  geological  periods- 
Relative  importance  of  mineral  and  palseontological  characters — Test  of  age  by 
included  fragments — Frequent  absence  of  strata  of  intervening  periods — Prin- 
cipal groups  of  strata  in  western  Europe. 

In  the  last  chapter  I  spoke  generally  of  the  chronological  relations  of 
the  four  great  classes  of  rocks,  and  I  shall  now  treat  of  the  aqueous  rocks 
in  particular,  or  of  the  successive  periods  at  which  the  different  fossilif- 
erous formations  have  been  deposited. 

There  are  three  principal  tests  by  which  we  determine  the  age  of  a 
given  set  of  strata ;  first,  superposition ;  secondly,  mineral  character ; 
and,  thirdly,  organic  remains.  Some  aid  can  occasionally  be  derived 
firom  a  fourth  kind  of  proof,  namely,  the  fact  of  one  deposit  including  in 
it  fragments  of  a  pre-existing  rock,  by  which  the  relative  ages  of  the  two 
may,  even  in  the  absence  of  all  other  evidence,  be  determined. 

Superposition. — ^The  first  and  principal  test  of  the  age  of  one  aqueous 
deposit,  as  compared  to  another,  is  relative  position.  It  has  been  already 
stated,  that  where  strata  are  horizontal,  the  bed  which  lies  uppermost  is 
the  newest  of  the  whole,  and  that  which  lies  at  the  bottom  the  most 
ancient.  So,  of  a  series  of  sedimentary  formations,  they  are  like  vol- 
omea  of  history,  in  which  each  writer  has  recorded  the  annals  of  his  own 
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timeBy  and  then  laid  down  the  book,  with  the  last  written  page  upper- 
moat)  upon  the  volume  in  which  the  events  of  the  era  immediately  pre- 
ceding were  commemorated.  In  this  manner  a  lofty  pile  of  chronicles 
is  at  length  accumulated ;  and  they  are  so  arranged  as  to  indicate,  by 
their  position  alone,  the  order  in  which  the  events  recorded  in  them  have 
occurred. 

In  regard  to  the  crust  of  the  earth,  however,  there  are  some  regioni« 
where,  as  the  student  has  already  been  informed,  the  beds  have  been  dis- 
turbed, and  sometimes  extensively  thrown  over  and  turned  upside  down. 
(See  pp.  58,  59.)  But  an  experienced  geologist  can  rarely  be  deceived 
by  these  exceptional  cases.  When  he  finds  that  the  strata  are  fractured, 
curved,  inclined,  or  vertical,  he  knows  that  the  original  order  of  superpo- 
sition must  be  doubtful,  and  he  then  endeavors  to  find  sections  in  some 
neighboring  district  where  the  strata  are  horizontal,  or  only  slightly  in- 
clined. Here  the  true  order  of  sequence  of  the  entire  series  of  deposits 
being  ascertained,  a  key  is  furnished  for  settling  the  chronology  of  those 
strata  where  the  displacement  is  extreme. 

Mineral  character, — The  same  rocks  may  often  be  observed  to  retain 
for  miles,  or  even  hundreds  of  miles,  Uie  same  mineral  peculiarities,  if 
we  follow  the  planes  of  stratification,  or  trace  the  beds,  if  they  be  undis- 
turbed, in  a  horizontal  direction.  But  if  we  pursue  them  vertically,  or 
in  any  direction  transverse  to  the  planes  of  stratification,  this  uniformity 
ceases  almost  immediately.  In  that  case  we  can  scarcely  ever  penetrate 
a  stratified  mass  for  a  few  hundred  yards  without  beholding  a  succession 
of  extremely  dissimilar,  calcareous,  argillaceous,  and  siliceous  rocks. 
These  phenomena  lead  to  the  conclusion,  that  rivers  and  currents  have 
dispersed  the  same  sediment  over  wide  areas  at  one  period,  but  at  suc- 
cessive  periods  have  been  charged,  in  the  same  region,  with  very  difierent 
kinds  of  matter.  The  first  observers  were  so  astonished  at  the  vast 
spaces  over  which  they  were  able  to  follow  the  same  homogeneous  rocks 
in  a  horizontal  direction,  that  they  came  hastily  to  the  opinion,  that  the 
whole  globe  had  been  environed  by  a  succession  of  distinct  aqueous 
formations,  disposed  round  the  nucleus  of  the  planet,  like  the  concentric 
coats  of  an  onion.  But  although,  in  fact,  some  formations  may  be  con- 
tinuous over  districts  as  large  as  half  of  Europe,  or  even  more,  yet  most 
of  them  either  terminate  wholly  within  narrower  limits,  or  soon  change 
their  lithological  character.  Sometimes  they  thin  out  gradually,  as  if 
the  supply  of  sediment  had  failed  in  that  direction,  or  they  come  ab- 
ruptly to  an  end,  as  if  we  had  arrived  at  the  borders  of  the  ancient  sea 
or  lake  which  served  as  their  receptacle.  It  no  less  frequently  happens 
that  they  vary  in  mineral  aspect  and  composition,  as  we  pursue  them 
horizontally.  For  example,  we  trace  a  limestone  for  a  hundred  miles, 
until  it  becomes  more  arenaceous,  and  finally  passes  into  sand,  or  sand- 
stone. We  may  then  foUow  this  sandstone,  already  proved  by  its  con- 
tinuity to  be  of  the  same  age,  throughout  another  district  a  hundred 
miles  or  more  in  length. 

OrgcaUe  remains^ — ^This  character  must  be  used  as  a  criterion  of  the* 
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age  of  a  formation,  or  of  the  contemporaneous  origin  of  two  depodts  in 
distant  places,  under  very  much  the  same  restrictions  as  the  test  of  mm- 
eral  composition. 

First,  the  same  fossils  may  be  traced  over  wide  regions,  if  we  examine 
strata  in  the  direction  of  their  planes,  although  by  no  means  for  indefi- 
nite distances. 

Secondly,  while  the  same  fossils  prevail  in  a  particular  set  of  strata 
for  hundreds  of  miles  in  a  horizontal  direction,  we  seldom  meet  with  the 
same  remains  for  many  fathoms,  and  very  rarely  for  several  hundred 
yards,  in  a  vertical  line,  or  a  line  transverse  to  the  strata.  This  fact  has 
now  been  verified  in  almost  all  parts  of  the  globe,  and  has  led  to  a  con- 
viction, that  at  successive  periods  of  the  past,  the  same  area  of  land  and 
water  has  been  inhabited  by  species  of  animals  and  plants  even  more 
distinct  than  those  which  now  people  the  antipodes,  or  which  now  co- 
exist in  the  arctic,  temperate,  and  tropical  zones.  It  appears,  that  from 
the  remotest  periods  there  has  been  ever  a  coming  in  of  new  organic 
forms,  and  an  extinction  of  those  which  pre-existed  on  the  earth ;  some 
species  having  endured  for  a  longer,  others  for  a  shorter,  time ;  while 
none  have  ever  reappeared  after  once  dpng  out.  The  law  which  has 
governed  the  creation  and  extinction  of  species  seems  to  be  expressed  in 
the  verse  of  the  poet, — 

Natura  il  fece,  e  poi  ruppe  la  stampa.        Aaiosra 
Nature  made  him,  and  then  broke  the  die. 

And  this  circumstance  it  is  which  confers  on  fossils  their  highest  value  as 
chronological  tests,  giving  to  each  of  them,  in  the  eyes  of  the  geologist, 
that  authority  which  belongs  to  contemporary  medals  in  history. 

The  same  cannot  be  said  of  each  peculiar  variety  of  rock  ;  for  some 

•  of  these,  as  red  marl  and  red  sandstone,  for  example,  may  occur  at  once 
.  at  the  top,  bottom,  and  middle  of  the  entire  sedimentary  series ;  exhib- 
iting in  each  position  so  perfect  an  identity  of  mineral  aspect  as  to  be 

•  undistinguishable.  Such  exact  repetitions,  however,  of  the  same  mix- 
tures of  sediment  have  not  often  been  produced,  at  distant  periods,  in 

.precisely  the  same  parts  of  the  globe ;  and  even  where  this  has  hap- 
pened, we  are  seldom  in  any  danger  of  confounding  together  the  monu- 
ments of  remote  eras,  when  we  have  studied  their  imbedded  fossils  and 

'  rnlative  position. 

It  was  remarked  that  the  same  species  of  organic  remains  cannot  be 
-traced  horizontally,  or  in  the  direction  of  the  planes  of  stratification  for 
indefinite  distances.  This  might  have  been  expected  from  analogy ;  for 
when- we  inquire  into  the  present  distribution  of  living  beings,  we  find 
l^at  the  habitable  surface  of  the  sea  and  land  may  be  divided  into  a 
considerable  number  of  distinct  provinces,  each  peopled  by  a  peculiar 
assemblage  cf  animals  and  plants.  In  the  Principles  of  Geology,  I  have 
endeavored  to  point  out  the  extent  and  probable  origin  of  these  separate 
diTtBioiia ;  €uid  it  was  shown  that  climate  is  only  one  of  many  causes  on 
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which  they  depend,  and  that  difference  of  longitude  as  well  as  latitude  is 
generally  accompanied  by  a  dissimilarity  of  indigenous  species. 

As  different  seas,  therefore,  and  lakes  are  inhabited  at  the  same  period, 
by  different  aquatic  animals  and  plants,  and  as  the  lands  adjoining  these 
may  be  peopled  by  distinct  terrestrial  species,  it  follows  that  distinct  fossils 
will  be  imbedded  in  contemporaneous  deposits.  If  it  were  otherwise — if 
the  same  species  abounded  in  every  climate,  or  in  every  part  of  the  globe 
where,  so  far  as  we  can  discover,  a  corresponding  temperature  and  other 
conditions  Cavorable  to  their  existence  are  found — the  identification  of 
mineral  masses  of  the  same  age,  by  means  of  their  included  organic 
contenta,  would  be  a  matter  of  still  greater  certainty. 

Nevertheless,  the  extent  of  some  single  zoological  provinces,  especially 
those  of  marine  animals,  is  very  great ;  and  our  geological  researches 
have  proved  that  the  same  laws  prevailed  at  remote  periods ;  for 
the  fossils  are  often  identical  throughout  wide  spaces,  and  in  a  great 
number  of  detached  deposits,  in  which  the  mineral  nature  of  the  rocks 
is  variable. 

The  doctrine  here  laid  down  will  be  more  readily  understood,  if  we 
reflect  on  what  is  now  going  on  in  the  Mediterranean.  That  entire  sea 
may  be  considered  as  one  zoological  province ;  for,  although  certain 
species  of  testacea  and  zoophytes  may  be  very  local,  and  each  region  has 
probably  some  species  peculiar  to  it,  still  a  considerable  number  are  com- 
mon to  the  whole  Mediterranean.  If^  therefore,  at  some  future  period, 
the  bed  of  this  inland  sea  should  be  converted  into  land,  the  geologist 
might  be  enabled,  by  reference  to  organic  remains,  to  prove  the  contem- 
poraneous origin  of  various  mineral  masses  scattered  over  a  space  equal 
in  area  to  the  half  of  Europe. 

Deposits,  for  example,  are  well  known  to  be  now  in  progress  in  this 
sea  in  the  deltas  of  the  Po,  Rhone,  Nile,  and  other  rivers,  which  differ 
as  greatly  from  each  other  in  the  nature  of  their  sediment  as  does  the 
composition  of  the  mountains  which  they  drain.  There  are  also  other 
quarters  of  the  Mediterranean,  as  off  the  coast  of  Campania,  or  near  the 
base  of  Etna,  in  Sicily,  or  in  the  Grecian  Archipelago,  where  another 
class  of  rocks  is  now  forming ;  where  showers  of  volcanic  ashes  occa- 
nonally  fall  into  the  sea,  and  streams  of  lava  overflow  its  bottom  ;  and 
where,  in  the  intervals  between  volcanic  eruptions,  beds  of  sand  and  day 
are  frequently  derived  from  the  waste  of  cliffs,  or  the  turbid  waters  of 
rivers.  Limestones,  moreover,  such  as  the  Italian  travertins,  are  here 
and  there  precipitated  from  the  waters  of  mineral  springs,  some  of  which 
rise  up  from  the  bottom  of  the  sea.  In  all  these  detached  formations, 
so  diversified  in  their  lithological  characters,  the  remains  of  the  same 
shells,  corals,  Crustacea,  and  fish  are  becoming  inclosed ;  or,  at  least,  a 
suffident  number  must  be  common  to  the  different  localities  to  enable  the 
zoologist  to  refer  them  all  to  one  contemporaneous  assemblage  of 
species. 

There  are,  however,  certain  combinations  of  geographical  drcum- 
stances  which  cause  distinct  provinces  of  animals  and  pbmts  to  be  sepa- 
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rated  from  each  other  by  very  narrow  limits ;  and  hence  it  must  happen, 
that  strata  will  be  sometimes  formed  in  contiguous  regions,  diftering 
widely  both  in  mineral  contents  and  organic  remains.  Thus,  for  exam- 
ple, the  testacea,  zoophytes,  and  fish  of  the  Red  Sea  are,  as  a  group,  ex- 
tremely distinct  from  those  inhabiting  the  adjoining  parts  of  the  Mediter- 
ranean, although  the  two  seas  are  separated  only  by  the  narrow  isthmus 
of  Suez.  Of  the  bivalve  shells,  according  to  Philippi,  not  more  than  a 
fifth  are  common  to  the  Red  Sea  and  the  sea  around  Sicily,  while  the 
proportion  of  univalves  (or  Gasteropoda)  is  still  smaller,  not  exceeding 
eighteen  in  a  hundred.  Calcareous  formations  have  accumulated  on  a 
great  scale  in  the  Red  Sea  in  modem  times,  and  fossil  shells  of  existing 
species  are  well  preserved  therein  ;  and  we  know  that  at  the  mouth  of 
^e  Nile  large  deposits  of  mud  are  amassed,  including  the  remains  of 
Mediterranean  species.  It  follows,  therefore,  that  if  at  some  future  pe- 
riod the  bed  of  the  Red  Sea  should  be  laid  dry,  the  geologist  might  ex- 
perience great  difiiculties  in  endeavoring  to  ascertain  the  relative  age  of 
these  fonnations,  which,  although  dissimilar  both  in  organic  and  mineral 
characters,  were  of  synchronous  origin. 

But,  on  the  other  hand,  we  must  not  forget  that  the  northwestern 
shores  of  the  Arabian  Gulf,  the  plains  of  Egypt,  and  the  isthmus  of 
Suez,  are  all  parts  of  one  province  of  terrestrial  species.  Small  streams, 
therefore,  occasional  laud-floods,  and  those  winds  which  drift  clouds  of 
sand  along  the  deserts,  might  carry  down  into  the  Red  Sea  the  same 
shells  of  fiuviatile  and  land  testacea  which  the  Nile  is  sweeping  into  its 
delta,  together  with  some  remains  of  terrestrial  plants  and  the  bones  of 
quadrupeds,  whereby  the  groups  of  strata,  before  alluded  to,  might,  not- 
withstanding the  discrepancy  of  their  mineral  composition  and  marine 
organic  fossils,  be  show^n  to  have  belonged  to  the  same  epoch. 

Yet  wliile  rivers  may  thus  carry  down  the  same  fiuviatile  and  ter- 
restrial spoils  into  two  or  more  seas  inhabited  by  different  marine  species, 
it  will  much  more  frequently  happen,  that  the  coexistence  of  terrestrial 
species  of  distinct  zoological  and  botanical  provinces  will  be  proved  by 
ihe  identity  of  the  marine  beings  which  inhabited  the  intervening  space. 
Thus,  for  example,  the  land  quadrupeds  and  shells  of  the  south  of  Eu- 
rope, north  of  Africa,  and  northwest  of  Asia,  are  dififerent,  yet  their 
remains  are  all  washed  down  by  rivers  fiowing  from  these  three  countries 
into  the  Mediterranean. 

In  some  parts  of  the  globe,  at  the  present  period,  the  line  of  demarca- 
tion between  distinct  provinces  of  animals  and  plants  is  not  very  stronglv 
marked,  especially  where  the  change  is  determined  by  temperature,  as 
in  seas  extending  from  the  temperate  to  the  tropical  zone,  or  from  the 
temperate  to  the  arctic  regions.  Here  a  gradual  passage  takes  place 
from  one  set  of  species  to  another.  In  hke  manner  the  geologist,  in 
studying  particular  formations  of  remote  periods,  has  sometimes  been 
able  to  trace  the  gradation  from  one  ancient  province  to  another,  by  ob- 
serving carefully  the  fossils  of  all  the  intermediate  places.  His  success 
in  thua  acquiring  a  knowledge  of  the  loological  or  botanical  geogn^hy 
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of  very  distant  eras  has  been  mainly  owing  to  this  circumstance,  that 
the  mineral  character  has  no  tendency  to  be  affected  by  climate.  A 
laige  river  may  convey  yellow  or  red  mud  into  some  part  of  the  ocean, 
where  it  may  be  dispersed  by  a  current  over  an  area  several  hundred 
leagues  in  length,  so  as  to  pass  from  the  tropics  into  the  temperate  zone. 
If  the  bottom  of  the  sea  be  afterwards  upraised,  the  organic  remains 
imbedded  in  such  yellow  or  red  strata  may  indicate  the  different  animals 
or  plants  which  once  inhabited  at  the  same  time  the  temperate  and 
equatorial  regions. 

It  may  be  true,  as  a  general  rule,  that  groups  of  the  same  species  of 
animals  and  plants  may  extend  over  wider  areas  than  deposits  of  homo- 
geneous composition ;  and  if  so,  palaeontological  characters  will  be  of 
more  importance  in  geological  classification  than  mineral  composition ; 
but  it  is  idle  to  discuss  the  relative  value  of  these  tests,  as  the  aid  of  both 
is  indispensable,  and  it  fortunately  happens,  that  where  the  one  criterion 
fails,  we  can  often  avail  ourselves  of  the  other. 

TMt  by  incltided  fragments  of  older  rocks, — It  was  stated,  that  inde- 
pendent proof  may  sometimes  be  obtained  of  the  relative  date  of  two 
formations,  by  fragments  of  an  older  rock  being  included  in  a  newer  one. 
This  evidence  may  sometimes  be  of  great  use,  where  a  geologist  is  at  a 
loss  to  determine  the  relative  age  of  two  formations  from  want  of  clear 
sections  exhibiting  their  true  order  of  position,  or  because  the  strata  oi 
each  group  are  vertical.  In  such  cases  we  sometimes  discover  that  the 
more  modem  rock  has  been  in  part  derived  from  the  degradation  of  the 
older.  Thus,  for  example,  we  may  find  in  one  part  of  a  country  chalk 
with  flints ;  and,  in  another,  a  distinct  formation,  consisting  of  alterna- 
tions of  clay,  sand,  and  pebbles.  If  some  of  these  pebbles  consist  of 
similar  flint  and  fossil  shells,  sponges,  and  foraminiferse,  of  the  same 
species  as  those  in  the  chalk,  we  may  confidently  infer  that  the  chalk  is 
the  oldest  of  the  two  formations. 

Chronological  group; — The  number  of  groups  into  which  the  fossil- 
iferous  strata  may  be  separated  are  more  or  less  numerous,  according  to 
the  views  of  classification  which  different  geologists  entertain  ;  but  when 
we  have  adopted  a  certain  system  of  arrangement,  we  immediately  find 
that  a  few  only  of  the  entire  series  of  groups  occur  one  upon  the  other 
in  any  single  section  or  district 

The  thinning  out  of  individual  strata  was  before  described  (p.  16). 


Fig.  104. 
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But  let  the  annexed  diagram  represent  seven  fossiliferous  groups,  instead 
of  as  many  strata.  It  will  then  be  seen  that  in  the  middle  all  the  super- 
imposed formations  are  present ;  but  in  consequence  of  some  of  them 
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extremity  of  tfaa  aec- 


thinniDg  out,  No.  2  and  No.  5  we  alwent  at  o 
tion,  and  No.  4  at  the  other. 

Ill  the  annexed  diagram,  fig.  105,  a  real  section  of  the  geolt^ical 
tbrmations  in  the  neighborhood  of  Bristol  and  the  Mendip  Hills,  is  pre- 
sented to  the  reader  as  laid  down  on  a  true  scale  by  Professor  Bamsaj, 
where  the  newer  groups  1,  2,  3,  4  rest  unconfonnably  od  the  fbrraations 


S  and  6.  Here  at  the  southern  end  of  the  line  of  section  we  meet  with 
the  beds  No.  3  (the  New  Red  Sandstone)  resting  immediately  on  No.  0, 
while  fartlier  north,  as  at  Dundry  Ilill,  we  behold  six  groups  superim- 
posed one  upoD  the  other,  comprising  all  the  strata  from  the  inferior 
oolite  to  the  coal  and  carboniferous  limestone.  The  limited  extension  of 
the  groups  1  and  2  U  owing  to  denudation,  as  these  formations  end  ab- 
ruptly, and  have  left  outlying  patches  to  attest  the  ftct  of  their  having 
originally  covered  a  much  wider  area. 

In  many  instances,  however,  the  entire  absence  of  one  or  more  forma- 
tions of  intervening  periods  between  two  groups,  such  as  3  and  S  in  the 
same  section,  arises,  not  from  the  destruction  ofwhat  once  existed,  hut 
because  no  strata  of  an  intermediate  age  were  ever  deposited  on  the  in- 
ferior roct.  They  were  not  formed  at  tliat  place,  either  becatiBO  the 
r^on  was  dry  land  during  the  interval,  or  because  it  was  part  of  a  sea 
or  lake  to  which  no  sediment  was  carried. 

In  order,  therefore,  to  establish  a  chronological  succession  of  fiMsili&r- 
OUH  groups,  a  geolt^st  must  begin  with  a  single  section,  in  which  sev- 
eral sets  of  strata  lie  one  upon  the  other.  He  must  then  trace  these 
formations,  by  attention  to  their  mineral  character  and  fossils,  continu- 
ously, as  far  as  possible,  from  the  starting  point.  As  often  as  he  meets 
with  new  groups,  he  must  ascertain  by  superposition  their  age  relatirely 
to  those  first  examined,  and  thus  learn  how  to  intercalate  them  in  a  tab- 
ular arrangement  of  the  whole. 

By  this  means  the  German,  French,  and  Engli.sh  geologists  have  de- 
termined the  succesnon  of  strata  throughout  a  great  part  of  Europe,  and 
bare  adopted  pretty  generally  the  following  groups,  almost  all  of  which 
have  llieir  representatives  in  the  British  Islands. 
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GnmpM  of  Ibitili/enms  Strata  observed  in  Western  Uurope,  arranged 
in  what  is  termed  a  descending  Series,  or  beginning  toith  the  newest, 
(See  a  more  detailed  Tabular  view,  pp.  860,  365.) 


1.  Post-Pliocene,  indudiog  those  of  the 

Recent,  or  human  period. 

2.  Newer  Pliocene,  or  Pleistocene. 

3.  Older  Pliocene. 

4.  Miocene. 

5.  Eocene. 

6.  Chalk. 

7.  Oreensand. 

8.  Wealden. 

9.  Upper  Oolite. 

10.  Middle  Oolite. 

11.  Lower  Oolite. 

15.  Lias. 
18.  Trias. 
14.  Permian. 

16.  CoaL 

16.  Old  Red  sandstone,  or  Devonian. 

17.  Upper  Silurian. 

18.  Lower  Siluriaa 

19.  Cambrian  and  older  fossiliferous  strata. 


^  Tertiary,   Supracretaoeous,*    or 
Cainozoicf 


^  Secondary,  or  Mesozoicf 


^  Primary   fossiliferous,   or  palco- 
zoicf 


It  is  not  pretended  that  the  three  principal  sections  in  the  above  table, 
called  primary,  secondary,  and  tertiary,  are  of  equivalent  importance,  or 
that  the  eighteen  subordinate  groups  comprise  monuments  relating  to 
equal  portions  of  past  time,  or  of  the  earth's  history.  But  we  can  assert 
that  they  each  relate  to  successive  periods,  during  which  certain  animals 
and  plants,  for  the  most  part  peculiar  to  their  respective  eras,  have  flour- 
ished, and  during  which  different  kinds  of  sediment  were  deposited  in 
the  space  now  occupied  by  Europe. 

K  we  were  disposed,  on  palseontological  grounds,J  to  divide  the  entire 
fossiliferous  series  into  a  few  groups  less  numerous  than  those  in  the 
above  table,  and  more  nearly  co-ordinate  in  value  than  the  sections  called 
primary,  secondary,  and  tertiary,  we  might,  perhaps,  adopt  the  six 
groups  or  periods  given  in  the  next  table  (p.  104). 

At  the  same  time,  I  may  observe,  that,  in  the  present  state  of  the 
science,  when  we  have  not  yet  compared  the  evidence  derivable  from  all 
classes  of  fossils,  not  even  those  most  generally  distributed,  such  as 
shells,  corals,  and  fish,  such  generalizations  are  premature,  and  can  only 
be  regarded  as  conjectural  or  provisional  schemes  for  the  founding  <^ 
large  natural  groups. 

*  For  tertiary.  Sir  H.  De  la  Beche  has  used  the  term  "  supracretaceons," 
a  name  implying  that  the  strata  so  called  are  superior  in  position  to  the 
dialk. 

f  Professor  Phillips  has  adopted  these  terms :  Cainozoic,  from  xacvor,  catnot,  re- 
cent, and  ^Mov,  toofij  animal  Mesozoic,  from  itwoty  meaotf  middle,  &c. ;  Paleozoic; 
from  9aXat9ty  palaiotf  ancient,  Ac 

X  Palsontology  is  the  science  which  treats  of  fossil  remains,  both  animal  and 
vegetable.  Etym.  vaAaiar,  palaioi,  ancient,  o^ay  ont€^  beings,  and  Xoyot,  logoff  a 
diieourse. 
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FouUiferouM  Strata  of  Western  Europe  divided  irUo  Six  €hromp9, 

^'  ^TerST***^  -   ^^'  \  ^^^  ^^®  Poet-Pliocene  to  the  Eooeae  induiive. 

S   GratAfiAo  \  from,  the  Maestricht  Chalk  to  the  Lower  Greensand 

^™w*ceous       -        -|      inclusive. 

8.  Oolitic     -        -        -    from  the  Wealden  to  the  Lias  indoMve. 

4  TriAMic  i  including  the  Keuper,  Muadielkalk,  and  Banter  Sand- 

ATiasMC    -  -  -j      g^pjjj  ^f  ^jj^  Germans. 

6.  Permian,  Carbonifer-  )  including  Magnesian  Limestone  (Zechstein),  Coal,  Moun- 
0U8,  and  Devonian    C     tain  Limestone,  and  Old  Red  sandstone. 

6.  Silurian  and  Cam-  [  from  the  Upper  Silurian  to  the  oldest  foasiliferons  rocks 
brian     -        -        -\      inclusive. 


CHAPTER  X. 

CLASSIFICATION    OF   TERTIARY    FORMATIONS — POST-PLIOCENE    OROCJF. 

General  principles  of  classification  of  tertiary  straU — Detached  formations  scat- 
tered over  Europe — Strata  of  Paris  and  London— More  modem  groups — 
Peculiar  difficulties  in  determining  the  chronology  of  tertiary  formations — In- 
creasing proportion  of  living  species  of  shells  in  strata  of  newer  origin — Terms 
Eocene,  Miocene,  and  Pliocene — Post-Pliocene  strata — Recent  or  human  period 
— Older  Post-Pliocene  formations  of  Naples,  Uddevalla,  and  Norway — Ancient 
upraised  delta  of  the  Mississippi — Loess  of  the  Rhine. 

Before  describing  the  most  modem  of  the  sets  of  strata  enumerated 
in  the  tables  given  at  the  end  of  the  last  chapter,  it  will  be  necessary  to 
say  something  generally  of  the  mode  of  classifying  the  formations  called 
tertiary. 

The  name  of  tertiary  has  been  given  to  them,  because  they  are  all 
posterior  in  date  to  the  rocks  termed  '^  secondary,"  of  which  the  chalk 
constitutes  the  newest  group.  These  tertiary  strata  were  at  first  con- 
founded, as  before  stated,  p.  91,  with  the  superficial  alluviums  of  Europe ; 
and  it  was  long  before  their  real  extent  and  thickness,  and  the  various 
ages  to  which  they  belong,  were  fully  recognized.  They  were  observed 
to  occur  in  patches,  some  of  freshwater,  others  of  marine  origin,  their 
geographical  area  being  usually  small  as  compared  to  the  secondary 
formations,  and  their  position  often  suggesting  the  idea  of  their  having 
been  deposited  in  difierent  bays,  lakes,  estuaries,  or  inland  seas,  after  a 
laige  portion  of  the  space  now  occupied  by  Europe  had  akeady  been 
converted  into  dry  land. 

The  first  deposits  of  this  class,  of  which  the  characters  were  accurately 
determined,  were  those  occurring  in  the  neighborhood  of  Paris,  described 
in  1810  by  MM.  Cuvier  and  Brongniart.  They  were  ascertained  to  con- 
sist of  successive  sets  of  strata,  some  of  marine,  others  of  fi'eshwater 
origin,  lying  one  upon  the  other.  The  fossil  shells  and  conds  were  per- 
ceived to  be  almost  all  of  unknown  species,  and  to  have  in  general  a 
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near  aflSnity  to  thoae  now  inhabiting  warmer  seas.  The  bones  and  skel- 
etons of  land  animals,  some  of  them  of  large  size,  and  belonging  to 
more  than  forty  distinct  species,  were  examined  by  Cuvier,  and  declared 
by  him  not  to  agree  specifically  and  for  the  most  part  not  even  generic- 
ally,  with  any  hitherto  observed  in  the  hving  creation. 

Strata  were  soon  afterwards  brought  to  li^t  in  the  vicinity  of  London, 
and  in  Hampshire,  which,  although  dissimilar  in  mineral  composition, 
were  justly  inferred  by  Mr.  T.  Webster  to  be  of  the  same  age  as  those  of 
Paris,  because  the  greater  number  of  the  fossil  shells  were  specifically 
identical.  For  the  same  reason  rocks  found  on  the  Gironde,  in  the  South 
of  France,  and  at  certain  points  in  the  North  of  Italy,  were  suspected  to 
be  of  contemporaneous  origin. 

A  variety  of  deposits  were  afterwards  found  in  other  parts  of  Europe, 
all  reposing  immediately  on  rocks  as  old  or  older  Uian  the  chalk, 
and  which  exhibited  certain  general  characters  of  resemblance  in  their 
organic  remains  to  those  previously  observed  near  Paris  and  London. 
An  attempt  was  therefore  made  at  first  to  refer  the  whole  to  one  period ; 
and  when  at  length  this  seemed  impracticable,  it  was  contended  that  as 
in  the  Parisian  series  there  were  many  subordinate  formations  of  consid- 
erable thickness  which  must  have  accumulated  one  after  the  other,  during 
a  great  lapse  of  time,  so  the  various  patches  of  tertiary  strata  scattered 
over  Europe  might  correspond  in  age,  some  of  them  to  the  older,  and 
others  to  tlie  newer,  subdivisions  of  the  Parisian  series. 

This  error,  although  most  unavoidable  on  the  part  of  those  who  made 
the  first  generalizations  in  this  branch  of  geology,  retarded  seriously  for 
some  years  tlie  progress  of  classification.  A  more  scrupulous  attention 
to  specific  distinctions,  aided  by  a  careful  regard  to  the  relative  position 
of  the  strata  containing  them,  led  at  length  to  the  conviction  that  there 
were  formations  both  marine  and  freshwater  of  various  ages,  and  all 
newer  than  the  strata  of  the  neighborhood  of  Paris  and  London. 

One  of  the  first  steps  in  this  chronological  reform  was  made  in  1811, 
by  an  English  naturalist,  Mr.  Parkinson,  who  pointed  out  the  fact  that 
certain  shelly  strata,  provincially  termed  "  Crag"  in  Suffolk,  lay  decidedly 
over  a  deposit  which  was  the  continuation  of  the  blue  clay  of  London. 
At  the  same  time  he  remarked  that  the  fossil  testacea  in  these  newer 
beds  were  distinct  from  those  of  the  blue  clay,  and  that  while  some  of 
them  were  of  unknown  species,  others  were  identical  with  species  now 
inhabiting  the  Bridsh  seas. 

Another  important  discovery  was  soon  afterwards  made  by  Brocchi  in 
Italy,  who  investigated  the  argillaceous  and  sandy  deposits  replete  with 
shells  which  form  a  low  range  of  hills,  flanking  the  Apennines  on  both 
sides,  from  the  plains  of  the  Po  to  Calabria.  These  lower  hills  were 
called  by  him  the  Subapennines,  and  were  formed  of  strata  of  different 
ages,  all  newer  than  those  of  Paris  and  London. 

Another  tertiary  group  occurring  in  the  neighborhood  of  Bourdeaux 
and  Dax,  in  the  south  of  France,  was  examined  by  M.  de  Basterot  in 
1825,  who  described  and  figured  several  hundred  species  of  shells,  whidi 
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differed  for  the  most  part  both  from  the  Parisian  series  and  those  of  the 
Subapennine  hills.  It  was  soon,  therefore,  suspected  that  this  fauna 
might  belong  to  a  period  intermediate  between  that  of  the  Parisian  and 
Subapennine  strata,  and  it  was  not  long  before  the  evidence  of  super 
position  was  brought  to  bear  in  support  of  this  opinion ;  for  other  strata, 
contemporaneous  with  those  of  Bourdeaux,  were  observed  in  one  district 
(the  Valley  of  the  Loire),  to  overlie  the  Parisian  formation,  and  in  an* 
other  (in  Piedmont)  to  underlie  the  Subapennine  beds.  The  first  exam- 
ple of  these  was  pointed  out  in  1829  by  M.  Desnoyers,  who  ascertained 
that  the  sand  and  marl  of  marine  origin  called  Faluns,  near  Tours,  in 
the  basin  of  the  Loire,  full  of  sea-shells  and  corals,  rested  upon  a  lacus- 
trine formation,  which  constitutes  the  uppermost  subdivision  of  the 
Parisian  group,  extending  continuously  throughout  a  great  table-land 
intervening  between  the  basin  of  the  Seine  and  that  of  the  Loire.  The 
other  example  occurs  in  Italy,  where  strata,  containing  many  fbssib  sim- 
ilar to  those  of  Bourdeaux,  were  observed  bv  Bonelli  and  others  in  the 
environs  of  Turin,  subjacent  to  strata  l>elonging  to  the  Subapennine 
group  of  Brocchi. 

Without  pretending  to  give  a  complete  sketch  of  the  progress  of  dia- 
oovery,  I  may  refer  to  the  facts  above  enumerated,  as  illustrating  the 
course  usually  i)ursued  by  geologists  when  they  attempt  to  found  new 
chronological  divisions.  The  method  bears  some  analogy  to  that  pur- 
sued by  the  naturalist  in  the  construction  of  genera,  when  he  selects  a 
typical  species,  and  then  classes  as  congeners  all  other  species  of  animals 
and  plants  which  agree  with  this  standard  within  certain  limits.  The 
genera  A  and  C  having  been  founded  on  these  principles,  a  new  spedes 
is  afterwards  met  with,  departing  widely  both  from  A  and  C,  but  in 
many  respects  of  an  intermediate  character.  For  this  new  type  it  be- 
comes necessary  to  institute  the  new  genus  B,  in  which  are  included  all 
species  afterwards  brought  to  light,  which  agree  more  nearly  with  B  than 
with  the  tyi>es  of  A  or  C.  In  like  manner  a  new  formation  is  met  with 
in  geology,  and  the  characters  of  its  fossil  fauna  and  flora  investigated. 
From  that  moment  it  is  considered  as  a  record  of  a  certain  period  of  the 
earth's  history,  and  a  standard  to  which  other  deposits  may  be  com- 
pared. If  any  are  found  containing  the  same  or  nearly  the  same  organie 
remains,  and  occupying  the  same  relative  position,  they  are  regarded  in 
the  light  of  contemporary  annals.  All  such  monuments  are  said  to  re- 
late to  one  period,  during  which  certain  events  occurred,  such  as  the 
formation  of  particular  rocks  by  aqueous  or  volcanic  agency,  or  the  con- 
tinued existence  and  fossilization  of  cerUiin  tribes  of  animals  and  plants. 
When  several  of  these  periods  have  had  their  true  places  assigned  to 
them  in  a  chronological  series,  others  are  discovered  which  it  becomes 
necessary  to  intercalate  between  those  first  known ;  and  the  difSculty  of 
assigning  clear  lines  of  separation  must  unavoidably  increase  in  pTop<»r- 
tion  as  chasms  in  the  past  history  of  the  globe  are  filled  up. 

Every  zoologist  and  botanist  is  aware  that  it  is  a  comparatively  eny 
task  to  establish  genera  in  departments  which  have  been  enriched  widi 
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onlj  a  small  number  of  species,  and  where  there  is  as  yet  no  tendency 
in  one  set  of  characters  to  pass  almost  insensibly,  by  a  multitude  of  con- 
necting links,  into  another.  They  also  know  that  the  difficulty  of  classi- 
fication augments,  and  that  the  artificial  nature  of  their  divisions  becomes 
more  apparent,  in  proportion  to  the  increased  number  of  objects  brought 
to  light.  But  in  separating  families  and  genera,  they  have  no  other  al- 
ternative than  to  avail  themselves  of  such  breaks  as  still  remain,  or  of 
every  hiatus  in  the  chain  of  animated  beings  which  is  not  yet  filled  up. 
So  in  geology,  we  may  be  eventually  compelled  to  resort  to  sections  of 
time  as  arbitrary,  and  as  purely  conventional,  as  those  which  divide  the 
history  of  human  events  into  centuries.  But  in  the  present  state  of  our 
knowledge,  it  is  more  convenient  to  use  the  interruptions  which  still 
occur  in  the  r^ular  sequence  of  geological  monuments,  as  boundary 
lines  between  our  principal  groups  or  periods,  even  though  the  groups 
thus  established  are  of  very  unequal  value. 

The  isolated  position  of  distinct  tertiary  deposits  in  different  parts  of 
Europe  has  been  already  alluded  to.  In  addition  to  the  difficulty  pre- 
sented by  this  want  of  continuity  when  we  endeavor  to  settle  the  chrono- 
logical relations  of  these  deposits,  another  arises  from  the  frequent 
dissimilarity  in  mineral  character  of  strata  of  contemporaneous  date, 
such,  for  example,  as  those  of  London  and  Paris  before  mentioned.  The 
identity  or  non-identity  of  species  is  also  a  criterion  which  often  fails  us. 
For  this  we  might  have  been  prepared,  for  we  have  already  seen,  that 
the  Mediterranean  and  Red  Sea,  although  within  10  miles  of  each  other, 
on  each  side  of  the  Isthmus  of  Suez,  have  each  their  peculiar  fauna ; 
and  a  marked  difference  is  found  in  the  four  groups  of  testacea  now 
living  in  the  Baltic,  English  Channel,  Black  Sea,  and  Mediterranean,  al- 
thon^  all  these  seas  have  many  species  in  common.  In  like  manner  a 
considerable  diversity  in  the  fossils  of  different  tertiary  formations,  which 
have  been  thrown  down  in  distinct  seas,  estuaries,  bays,  and  lakes,  does 
not  always  imply  a  distinctness  in  the  times  when  they  were  pro- 
duced, but  may  have  arisen  from  climate  and  conditions  of  physical 
geography  wholly  independent  of  time.  On  the  other  hand,  it  is  now 
abundantly  clear,  as  the  result  of  geological  investigation,  that  different 
^  «rf  tertiary  strata,  immediately  superimposed  upon  each  other,  con- 
tain  distinct  imbedded  species  of  fossils,  in  consequence  of  fluctuations 
which  have  been  going  on  in  the  animate  creation,  and  by  which  in  the 
coarse  of  ages  one  state  of  things  in  the  organic  world  has  been  substi^ 
tuted  for  another  wholly  dissimilar.  It  has  also  been  shown  that  in 
proportion  as  the  age  of  a  tertiary  deposit  is  more  modem,  so  is  its 
fauna  more  analogous  to  that  now  in  being  in  the  neighboring  seas.  It 
is  this  law  of  a  nearer  agreement  of  the  fossil  testacea  with  the  species 
now  Uving,  which  may  oflen  furnish  us  with  a  clue  for  the  chronological 
arrangement  of  scattered  deposits,  where  we  cannot  avail  ourselves  of 
any  one  of  the  three  ordinary  chronological  tests ;  namely,  superposition, 
mineral  character,  and  the  specific  identity  of  the  fossils. 

Thus,  fi>r  ezamj^e,  on  the  Afirican  border  of  the  Red  Sea,  at  the 
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beight  of  40  feet,  and  sometimes  more,  above  its  level,  a  wbite  calcare 
ous  formation  bas  been  observed,  containing  several  bundred  species  of 
sbells  differing  from  tbose  found  in  tbe  clay  and  volcanic  tuff  of  tbe 
country  round  Naples,  and  of  tbe  contiguous  island  of  Iscbia.  Another 
deposit  bas  been  found  at  Uddevalla,  in  Sweden,  in  wbicb  the  sbells  do 
not  agree  with  tbose  found  near  Naples.  But  although  in  these  three 
cases  there  may  be  scarcely  a  single  shell  common  to  the  three  different 
deposits,  we  do  not  hesitate  to  refer  them  all  to  one  period  (tbe  Post- 
Pliocene),  because  of  tbe  very  close  agreement  of  tbe  fossil  species  in 
every  instance  with  those  now  living  in  the  contiguous  seas. 

To  take  another  example,  where  the  fossil  fauna  recedes  a  few  steps 
farther  back  from  our  own  times.  We  may  compare,  first,  the  beds  of 
loam  and  clay  bordering  the  Clyde  in  Scotland  (called  gladal  by  some 
geologists),  secondly,  others  of  fluvio-marine  origin  near  Norwich,  and, 
lastly,  a  third  set  often  rising  to  considerable  heights  in  Sicily,  and  we 
discover  that  in  every  case  more  than  three-fourths  of  tbe  sbells  agree 
with  species  still  living,  while  the  remainder  are  extinct  Hence  we  may 
conclude  that  all  these,  greatly  diversified  as  are  their  oiganic  remains, 
belong  to  one  and  tbe  same  era,  or  to  a  period  immediately  antecedent 
to  the  Post-Pliocene,  because  there  has  been  time  in  each  of  tbe  areas 
alluded  to  for  an  equal  or  nearly  equal  amount  of  change  in  the  marine 
testaceous  6iuna.  Contemporaneousness  of  origin  is  inferred  in  these 
cases,  in  spite  of  the  most  marked  differences  of  mineral  character  or 
organic  contents,  from  a  similar  degree  of  divergence  in  the  sbells  from 
tbose  now  living  in  the  adjoining  seas.  The  advantage  of  such  a  test 
consists  in  supplying  us  with  a  common  point  of  departure  in  all  coon- 
tries,  however  remote. 

But  the  farther  we  recede  from  the  present  times,  and  the  smaller  tbe 
relative  number  of  recent  as  compared  with  extinct  species  in  the  ter- 
tiary deposits,  the  less  confidence  can  we  place  in  the  exact  value  of  such 
a  test,  especially  when  comparing  the  strata  of  very  distant  regions ;  for 
we  cannot  presume  that  tbe  rate  of  former  alterations  in  tbe  animate 
world,  or  the  continual  going  out  and  coming  in  of  species,  bas  been 
everywhere  exactly  equal  in  equal  quantities  of  time.  The  form  of  the 
land  and  sea,  and  the  climate,  may  have  changed  more  in  one  region 
than  in  another ;  and  consequently  there  may  have  been  a  more  rapid 
destruction  and  renovation  of  species  in  one  part  of  the  globe  than 
elsewhere.  Considerations  of  this  kind  should  undoubtedly  put  us  on 
our  guard  against  relying  too  implicitly  on  the  accuracy  of  this  tefit; 
yet  it  can  never  fail  to  throw  great  light  on  the  chronological  re- 
lations of  tertiary  groups  with  each  other,  and  with  the  Poat-Piioone 
period. 

We  may  derive  a  conviction  of  this  truth  not  only  from  a  study  of 
geological  monuments  of  all  ages,  but  also  by  reflecting  on  the  tendency 
which  prevails  in  the  present  state  of  nature  to  a  uniform  rate  of  simul- 
taneous fluctuation  in  the  flora  and  fauna  of  tbe  whole  globe.  The 
grounds  of  such  a  doctrine  cannot  be  discussed  here,  and  I  have  ex- 
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^Billed  them  at  some  length  in  the  third  Book  of  the  Principles  of 
Qeologjy  where  the  causes  of  the  successive  extinction  of  species  are 
considered.  It  will  be  there  seen  that  each  local  change  in  climate  and 
physical  geography  is  attended  with  the  immediate  increase  of  certain 
speciefs  aad  the  limitation  of  the  range  of  others.  A  revolution  thus 
effected  is  rarely,  if  ever,  confined  to  a  limited  space,  or  to  one  geograph- 
ical province  of  animals  or  plants,  but  affects  several  other  surrounding 
and  contiguous  provinces.  In  each  of  these,  moreover,  analogous  alter- 
ations of  the  stations  and  habitations  of  species  are  simultaneously  in 
progress,  reacting  in  the  manner  already  alluded  to  on  the  first  province. 
Hence,  long  before  the  geography  of  any  particular  district  can  be  essen- 
tially altered,  the  fiora  and  fauna  throughout  tlie  world  will  have  been 
materially  modified  by  countless  disturbances  in  the  mutual  relation  of 
the  various  members  of  the  organic  creation  to  each  other.  To  assume 
that  in  one  large  area  inhabited  exclusively  by  a  single  assemblage  of 
species  any  important  revolution  in  physical  geography  can  be  brought 
about,  while  other  areas  remain  stationary  in  regard  to  the  position  of 
land  and  sea,  the  height  of  mountains,  and  so  forth,  is  a  most  improba- 
ble hypothesis,  wholly  opposed  to  what  we  know  of  the  laws  now 
governing  the  aqueous  and  igneous  causes.  On  the  other  hand,  even 
were  this  conceivable,  the  communication  of  heat  and  cold  between  dif- 
fearent  parts  of  the  atmosphere  and  ocean  is  so  free  and  rapid,  that  tlie 
temperature  of  certain  zones  cannot  be  materially  raised  or  lowered 
without  others  being  immediately  affected ;  and  the  elevation  or  dimi- 
nution in  height  of  an  important  chain  of  mountains  or  the  submergence 
of  a  wide  tract  of  land  would  modify  the  climate  even  of  the  antipodes. 
It  will  be  observed  that  in  the  foregoing  allusions  to  organic  remains, 
the  testaoea  or  the  shell-bearing  mollusca  are  selected  as  the  most  useful 
and  convenient  class  for  the  purposes  of  general  classification.  In  the 
first  place,  they  are  more  universally  distributed  through  strata  of  every 
age  than  any  other  organic  bodies.  Those  families  of  fossils  which  are 
of  rare  and  casual  occurrence  are  absolutely  of  no  avail  in  establishing 
a  chronological  arrangement  If  we  have  plants  alone  in  one  group  of 
strata  and  the  bones  of  mammalia  in  another,  we  can  draw  no  conclusion 
respecting  the  affinity  or  discordance  of  the  organic  beings  of  the  two 
epochs  compared ;  and  the  same  may  be  said  if  we  have  plants  and 
vertebrated  animals  in  one  series  and  only  shells  in  another.  Although 
corals  are  more  abundant,  in  a  fossil  state,  than  plants,  reptiles,  or  fish, 
they  are  still  rare  when  contrasted  with  shells,  especially  in  the  European 
tertiary  formations.  The  utility  of  the  testacea  is,  moreover,  enhanced 
by  the  circnmstance  that  some  forms  are  proper  to  the  sea,  others  to  the 
land,  and  others  to  freshwater.  Rivers  scarcely  ever  fail  to  carry  down 
into  their  deltas  some  land  shells,  together  with  species  which  are  at 
<«oe  fluviatile  and  lacustrine.  By  this  means  we  learn  what  terrestrial, 
freshwater,  and  marine  species  coexisted  at  particular  eras  of  the  past ; 
and  having  thus  identified  strata  formed  in  seas  with  others  which  origi- 
nated contemporaneously  in  inland  lakes,  we  are  then  enabled  to  advance 
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a  step  farther,  and  show  that  certain  quadrupeds  or  aquatic  plants,  found 
fossil  in  lacustrine  formations,  inhabited  the  globe  at  the  same  period 
when  certain  fish,  reptiles,  and  zoophytes  lived  in  the  ocean. 

Among  other  characters  of  the  molluscous  animals,  which  render 
them  extremely  valuable  in  settling  chronological  questions  in  geology, 
may  be  mentioned,  first,  the  wide  geographical  range  of  many  species ; 
and,  secondly,  what  is  probably  a  consequence  of  the  former,  the  great 
duration  of  species  in  this  class,  for  they  appear  to  have  surpassed  in 
longevity  the  greater  number  of  the  mammalia  and  fish.  Had  each 
species  inhabited  a  very  limited  space,  it  could  never,  when  imbedded  in 
strata,  have  enabled  the  geologist  to  identify  deposits  at  distant  points ; 
or  had  they  each  lasted  but  for  a  brief  period,  they  could  have  thrown 
no  light  on  the  connection  of  rocks  placed  far  from  each  other  in  the 
chronological,  or,  as  it  is  often  termed,  vertical  series. 

Many  authors  have  divided  the  European  tertiary  strata  into  three 
groups — lower,  middle,  and  upper ;  the  lower  comprising  the  oldest 
formations  of  Paris  and  London  before-mentioned  ;  the  middle  those  of 
Bourdeaux  and  Touraine  ;  and  the  upper  all  those  newer  than  the  mid- 
dle group. 

When  engaged  in  1828  in  preparing  my  work  on  the  Principles  of 
Geology,  I  conceived  the  idea  of  classing  the  whole  series  of  tertiary 
strata  in  four  groups,  and  endeavoring  to  find  characters  for  each,  ex- 
pressive of  their  different  degrees  of  aflSnity  to  the  living  fauna.  With 
this  view,  I  obtained  information  respecting  the  specific  identity  of  many 
tertiary  and  recent  shells  from  several  Italian  naturalists,  and  among 
others  from  Professors  Bonelli,  Guidotti,  and  Costa.  Having  in  1829 
become  acquainted  with  M.  Deshayes,  of  Paris,  already  well  known  by 
his  conchological  works,  I  learnt  from  him  that  he  had  arrived,  by  inde- 
pendent researches,  and  by  the  study  of  a  large  collection  of  fossil  and 
recent  shells,  at  very  similar  views  respecting  the  arrangement  of  tertiary 
formations.  At  my  request  he  drew  up,  in  a  tabular  form,  lists  of  all 
the  shells  known  to  him  to  occur  both  in  some  tertiary  formation  and  in 
a  living  state,  for  the  express  pur])ose  of  ascertaining  the  proportional 
number  of  fossil  species  identical  with  the  recent  which  characterized 
successive  groups ;  and  this  table,  planned  by  us  in  common,  was  pub- 
lished by  me  in  1833.*  The  number  of  tertiary  fossil  shells  examined 
by  M.  Deshayes  was  about  3000;  and  the  recent  species  with  which  they 
had  been  compared  about  5000.  The  result  then  arrived  at  was,  that 
in  the  lower  tertiary  strata,  or  those  of  London  and  Paris,  there  were 
about  3  J  per  cent,  of  species  identical  with  recent ;  in  the  middle  ter- 
tiary of  the  Loire  and  Gironde  about  17  per  cent.;  and  in  the  upper 
tertiary  or  Subapennine  beds,  from  35  to  50  per  cent.  In  formations 
still  more  modern,  some  of  which  I  had  particularly  studied  in  Sicily, 
where  they  attain  a  vast  thickness  and  elevation  above  the  sea,  the  num- 
ber of  species  identical  with  those  now  living  was  believed  to  be  from 

*  See  Princ  of  GeoL  vol.  iil  Ist  ed. 
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90  to  95  per  cent  For  the  sake  of  clearness  and  brevity,  I  proposed 
to  give  short  technical  names  to  these  four  groups,  or  the  periods  to 
which  they  respectively  belonged.  I  called  the  first  or  oldest  of  them 
Eocene,  the  second  Miocene,  the  third  Older  Pliocene,  and  the  last  or 
fourth  Newer  Pliocene.  The  first  of  the  above  terms,  Eocene,  is  derived 
finom  i)eo^,  eos,  dawn^  and  xaivo^,  cainos,  recent^  because  the  fossil  shells  of 
this  period  contain  an  extremely  small  proportion  of  living  species,  which 
may  be  looked  upon  as  indicating  the  dawn  of  the  existing  state  of  the 
testaceous  fauna,  no  recent  species  having  been  detected  in  the  older  or 
secondary  rocks. 

The  term  Miocene  (from  /x^iov,  meion,  less^  and  xaivo^,  cainos,  recent) 
is  intended  to  express  a  minor  proportion  of  recent  species  (of  testacea), 
the  term  Pliocene  (from  irXfiov,  pleion,  more,  and  xaivof,  cainos,  recent)  a 
comparative  plurality  of  the  same.  It  may  assist  the  memory  of  stu- 
dents to  remind  them,  that  the  3ftocene  contain  a  minor  proportion,  and 
P/iooene  a  comparative  ^/urality  of  recent  species ;  and  diat  the  greater 
number  of  recent  species  always  implies  the  more  modem  origin  of  the 
strata. 

It  has  sometimes  been  objected  to  this  nomenclature  that  certain  spe- 
cies of  infusoria  found  in  the  chalk  are  still  existing,  and,  on  the  other 
hand,  the  Miocene  and  Older  Pliocene  deposits  often  contain  the  remains 
of  mammalia,  reptiles,  and  fish,  exclusively  of  extinct  species.  But  the 
reader  must  bear  in  mind  that  the  terms  Eocene,  Miocene,  and  Pliocene 
were  originally  invented  with  reference  purely  to  chronological  data,  and 
in  that  sense  have  always  been  and  are  still  used  by  me. 

The  distribution  of  the  fossil  species  from  which  the  results  before 
mentioned  were  obtained  in  1 830  by  M.  Deshayes  was  as  follows : — 

Id  the  formations  of  the  Pliocene  periods,  older  and  newer  -      777 
In  the  Miocene  ......     io21 

In  the  Eocene  ......    1238 
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Since  the  year  1880  the  progress  of  conchological  science  has  been 
most  rapid,  and  the  number  of  living  species  obtained  from  diflerent 
parts  of  the  globe  has  been  raised  from  about  5000  to  more  than  10,000. 
New  fossil  species  have  also  been  added  to  our  collections  in  great 
abundance ;  and  at  the  same  time  a  more  copious  supply  of  individuals 
both  of  fossil  and  recent  species,  some  of  which  were  previously  very 
rare,  have  been  procured,  affording  more  ample  data  for  determining  the 
specific  character.  Besides  the  reforms  introduced  in  consequence  of 
these  new  zoological  facilities,  other  errors  of  a  geological  nature  have 
been  in  many  instances  removed. 

Post-Pliocene  Formations. 

I  have  adopted  the  term  Post-Pliocene  for  those  strata  which  are 
sometimes  called  post-tertiary  or  modem,  and  which  are  characterized 
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by  having  all  the  imbedded  fossil  shells  identical  with  species  now  linn^, 
whereas  even  the  Newer  Pliocene,  or  newest  of  the  tertiary  deposits 
above  alluded  to,  contain  always  some  small  proportion  of  sheUs  of  ex- 
tinct species. 

These  modem  formations,  thus  defined,  comprehend  not  only  those 
strata  which  can  be  shown  to  have  originated  since  the  earth  was  inhab- 
ited by  man,  but  also  deposits  of  far  greater  extent  and  thickness,  in 
which  no  signs  of  man  or  his  works  can  be  detected.  In  some  of  these, 
of  a  date  long  anterior  to  the  times  of  history  and  tradition,  the  bones 
of  extinct  quadrupeds  have  been  met  with  of  species  which  probably 
never  co-existed  with  the  human  race,  as,  for  example,  the  mammoth, 
mastodon,  megatherium,  and  others,  and  yet  the  shells  are  the  same  as 
those  now  living. 

That  portion  of  the  post-pliocene  group  which  belongs  to  the  hunian 
epoch,  and  which  is  sometimes  called  Recent^  forms  a  very  imimportant 
feature  in  the  geological  structure  of  the  earth's  crust  I  have  shown, 
however,  in  "  The  Principles,"  where  the  recent  changes  of  the  earth 
illustrative  of  geology  are  described  at  length,  that  the  deposits  accumu- 
lated at  the  bottom  of  lakes  and  seas  within  the  last  4000  or  5000  years 
can  neither  be  insignificant  in  volume  or  extent  They  lie  hidden,  for 
the  most  part,  from  our  sight ;  but  we  have  opportunities  of  examining 
them  at  certain  points  where  newly  gained  land  in  the  deltas  of  rivers 
has  been  cut  through  during  floods,  or  where  coral  reefe  are  growing 
rapidly,  or  where  the  bed  of  a  sea  or  lake  has  been  heaved  up  by  sub- 
terranean movements  and  laid  dry.  Their  age  may  be  recognized  either 
by  our  finding  in  them  the  bones  of  man  in  a  fossil  state,  that  is  to  say, 
imbedded  in  them  by  natural  causes,  or  by  their  containing  articles  feb- 
ricated  by  the  hands  of  man. 

Thus  at  Puzzuoli,  near  Naples,  marine  strata  are  seen  containing  frag- 
ments of  sculpture,  pottery,  and  the  remains  of  buildings,  together  with 
innumerable  shells  retaining  in  part  their  colbr,  and  of  the  same  species 
as  those  now  inhabiting  the  Bay  of  Baise.  The  uppermost  of  these 
beds  is  about  20  feet  above  the  level  of  tlie  sea.  Their  emergence  can 
be  proved  to  have  taken  place  since  the  beginning  of  the  sixteenth  cen- 
tury.* Now  here,  as  in  almost  every  instance  where  any  alterations  of 
level  have  been  going  on  in  historical  periods,  it  is  found  that  rocks  contain- 
ing shells,  all,  or  nearly  all,  of  which  still  inhabit  the  neighboring  sea,  may 
be  traced  for  some  distance  into  the  interior,  and  often  to  a  considerable 
elevation  above  the  level  of  the  sea.  Thus,  in  the  country  round  Na- 
ples, the  post-pliocene  strata,  consisting  of  clay  and  horizontal  beds  of 
volcanic  tuff,  rise  at  certain  points  to  the  height  of  1500  feet  Although 
the  marine  shells  are  exclusively  of  living  species,  they  are  not  accom- 
panied like  those  on  the  coast  at  Puzzuoli  bj  any  traces  of  man  or  his 
works.  Had  any  such  been  discovered,  it  would  have  aftbrded  to  the 
antiquary  and  geologist  matter  of  great  surprise,  since  it  would  have 

*  See  Principles,  Index,  **  Serapis." 
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■hown  that  man  was  an  inhabitant  of  that  part  of  the  globe,  while  the 
mmteriak  oompoeing  the  present  hills  and  plains  of  Campania  were  still 
in  the  progress  of  deposition  at  the  bottom  of  the  sea ;  whereas  we 
know  that  for  nearly  3000  years,  or  from  the  times  of  the  earliest  Greek 
oolonists,  no  material  revolution  in  the  physical  geography  of  that  part 
of  Italy  has  occurred. 

In  Ischia,  a  small  island  near  Naples,  composed  in  like  manner  of 
marine  and  volcanic  formations,  Dr.  Philippi  collected  in  the  stratified 
toff  and  day  ninety-two  species  of  shells  of  existing  species.  In  the 
centre  of  Ischia,  the  lofty  hill  called  Epomeo,  or  San  Nicola,  is  composed 
of  greenish  indurated  taS,  of  a  prodigious  thickness,  interstratified  in 
some  parts  with  marl,  and  here  and  thei-e  with  great  beds  of  solid  lava. 
Visoonti  ascertained  by  trigonometrical  measurement  that  this  mountain 
was  2605  feet  above  the  level  of  the  sea.  Not  far  from  its  summit,  at 
the  height  of  about  2000  feet,  as  also  near  Moropano,  a  village  only  100 
feet  lower,  on  the  southern  declivity  of  the  mountain,  I  collected,  in 
1828,  many  shells  of  species  now  inhabiting  the  neighboring  gulf.  It 
is  dear,  therefore,  that  the  great  mass  of  Epomeo  was  not  only  raised  to 
its  present  height,  but  was  also  formed  beneath  the  waters,  within  the 
post-pliocene  period. 

It  is  a  fiict,  however,  of  no  small  interest,  that  the  fossil  shells  from, 
these  modem  tuffs  of  the  volcanic  regions  surrounding  the  Bay  of  Baise, 
although  none  of  them  extinct,  indicate  a  slight  want  of  correspondence 
between  the  ancient  fauna  and  that  now  inhabiting  the  Mediterranean. 
Philippi  informs  us  that  when  he  and  M.  Scacchi  had  collected  ninety- 
nine  spedes  of  them,  he  found  that  only  one,  Pecten  mediuSy  now  living 
in  the  Red  Sea,  was  absent  from  the  Mediterranean.  Notwithstanding 
this,  he  adds,  *'  the  condition  of  the  sea  when  the  tufaceous  beds  were 
deposited  must  have  been  considerably  different  from  its  present  state ; 
for  Tellina  striata  was  then  common,  and  is  now  rare  ;  Lucina  spinosa 
was  both  more  abundant  and  grew  to  a  larger  size ;  Lucina  fragilis, 
now  rare,  and  hardly  measuring  6  lines,  then  attained  the  enormous 
dimensions  of  14  lines,  and  was  extremely  abundant ;  and  Ostrea  la- 
fnelhaGj  Broc,  no  longer  met  with  near  Naples,  existed  at  that  time, 
and  attained  a  size  so  large  that  one  lower  valve  has  been  known  to 
measure  5  inches  9  lines  in  lengtli,  4  inches  in  breadth,  1^  inch  in  thick- 
ness, and  weighed  26^  ounces."* 

There  are  other  parts  of  Europe  where  no  volcanic  action  manifests 
itself  at  the  surface,  as  at  Naples,  whether  by  the  eruption  of  lava  or  by 
earthquakes,  and  yet  where  the  land  and  bed  of  the  adjoining  sea  are 
undergoing  upheaval.  The  motion  is  so  gradual  as  to  be  insensible  to 
the  inhabitants,  being  only  ascertainable  by  careful  scientific  measure- 
ments compared  after  long  intervals.  Such  an  upward  movement  has 
been  proved  to  be  in  progress  in  Norway  and  Sweden  throughout  an 
area  about  1000  miles  N.  and  S.,  and  for  an  unknown  distance  E.  and 
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W.,  the  amount  of  elevation  always  increasing  as  we  proceed  towardf 
the  North  Cape,  where  it  may  equal  5  feet  in  a  century.  If  we  oould 
assume  that  there  had  been  an  average  rise  of  2^  feet  in  each  hundred 
years  for  the  last  fifty  centuries,  this  would  g^ve  an  elevation  of  125  feet 
in  that  period.  In  other  words,  it  would  follow  that  the  shores,  and  a 
considerable  area  of  the  former  bed  of  the  Baltic  and  North  Sea,  had 
been  uplifted  vertically  to  that  amount,  and  converted  into  land  in  the 
course  of  the  last  5000  years.  Accordingly,  we  find  near  Stockholm,  in 
Sweden,  horizontal  beds  of  sand,  loam,  and  marl  containing  the  same 
peculiar  assemblage  of  testacea  which  now  liv«  in  the  brackish  waten 
of  the  Baltic  Mingled  with  these,  at  different  depths,  have  been  de- 
tected various  works  of  art  implying  a  rude  state  of  civilization,  and 
some  vessels  built  before  the  introduction  of  iron,  the  whole  marine 
formation  having  been  upraised,  so  that  the  upper  beds  are  now  60  feet 
higher  than  the  surface  of  the  Baltic  In  the  neighborhood  of  these 
recent  strata,  both  to  the  northwest  and  south  of  Stockholm,  otho* 
deposits  similar  in  mineral  composition  occur,  which  ascend  to  greato* 
heights,  in  which  precisely  the  same  assemblage  of  fossil  shells  is  met 
with,  but  without  any  intermixture  of  human  bones  or  fabricated  articles. 

On  the  opposite  or  western  coast  of  Sweden,  at  Uddevalla,  poat-plio- 
cene  strata,  containing  recent  shells,  not  of  that  brackish  water  character 
peculiar  to  the  Baltic,  but  such  as  now  live  in  the  northern  ocean,  ascend 
to  the  height  of  200  feet ;  and  beds  of  clay  and  sand  of  the  same  age 
attain  elevations  of  300  and  even  700  feet  in  Norway,  where  they  have 
been  usually  described  as  "  raised  beaches."  They  are,  however,  thick 
deposits  of  submarine  origin,  spreading  far  and  wide,  and  filling  valleys 
iin  the  granite  and  gneiss,  just  as  the  tertiary  formations,  in  different 
;parts  of  Europe,  cover  or  fill  depressions  in  the  older  rocks. 

It  is  worthy  of  remark,  that  although  the  fossil  fauna  characterizing 
these  upraised  sands  and  clays  consists  exclusively  of  existing  northern 
species  of  testacea,  yet,  according  to  Loven  (an  able  living  naturalist  of 
Norway),  the  species  do  not  constitute  such  an  assemblage  as  now  in- 
habits corresponding  latitudes  in  the  German  Ocean.  On  the  contraiy, 
tliey  decidedly  represent  a  more  arctic  fauna.*  In  order  to  find  the 
same  species  flourishing  in  equal  abundance,  or  in  many  cases  to  find 
them  at  all,  we  must  go  northwards  to  higher  latitudes  than  Uddevalla 
in  Sweden,  or  even  nearer  the  pole  than  Central  Norway. 

Judging  by  the  uniformity  of  climate  now  prevailing  from  century  to 
century,  and  the  insensible  rate  of  variation  in  the  organic  world  in  our 
own  times,  we  may  presume  that  an  extremely  lengthened  period  was 
required  even  for  so  slight  a  modification  of  the  molluscous  fauna,  as 
that  of  which  the  evidence  is  here  brought  to  light.  On  the  other  hand, 
we  have  every  reason  for  inferring  on  independent  grounds  (namely,  the 
rate  of  upheaval  of  land  in  modem  times)  that  the  antiquity  of  the 
deposits  in  question  must  be  very  great     For  if  we  assume,  as  before 
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snggested,  that  the  mean  rate  of  continuous  vertical  elevation  has 
minounted  to  2^  feet  in  a  century  (and  this  is  probably  a  high  average), 
it  would  require  27,500  years  for  the  sea-coast  to  attain  the  height  of 
700  feet,  without  making  allowance  for  any  pauses  such  as  are  now  ex- 
peri^iced  in  a  large  part  of  Norway,  or  for  any  oscillations  of  level. 

In  England,  buried  ships  have  been  found  in  the  ancient  and  now 
deserted  channels  of  the  Rother  in  Sussex,  of  the  Mersey  in  Kent,  and 
the  Thames  near  London.  Canoes  and  stone  hatchets  have  been  dug 
up,  in  almost  all  parts  of  the  kingdom,  from  peat  and  shell-marl ;  but 
there  is  no  evidence,  as  in  Sweden,  Italy,  and  many  other  parts  of  the 
world,  of  the  bed  of  the  sea,  and  the  adjoining  coast,  having  been  up- 
lifted bodily  to  considerable  heights  within  the  human  period.  Recent 
strata  have  been  traced  along  the  coasts  of  Peru  and  Chili,  inclosing 
shells  in  abundance,  all  agreeing  specifically  witli  those  now  swarming  in 
the  Pacific  In  one  bed  of  this  kind,  in  the  island  of  San  Lorenzo,  near 
Lima,  Mr.  Darwin  found,  at  the  altitude  of  85  feet  above  the  sea,  pieces 
of  ootton-thread,  plaited  rush,  and  the  head  of  a  stalk  of  Indian  com, 
the  whole  of  which  had  evidently  been  imbedded  with  the  shells.  At 
the  same  height  on  the  neighboring  mainland,  he  found  other  signs  cor- 
roborating the  opinion  that  the  ancient  bed  of  the  sea  had  there  also 
been  uplifted  85  feet,  since  the  region  was  first  peopled  by  the  Peruvian 
race.*  But  similar  shelly  masses  are  also  met  with  at  much  higher 
devations,  at  innumerable  points  between  the  Chilian  and  Peruvian 
Andes  and  the  sea-coast,  in  which  no  human  remains  were  ever,  or  in 
all  probability  ever  will  be,  discovered. 

In  the  West  Indies,  also,  in  the  island  of  Guadaloupe,  a  solid  lime- 
stone occurs,  at  the  level  of  the  sea-beach,  enveloping  human  skeletons. 
The  stone  is  extremely  hard,  and  chiefly  composed  of  comminuted  shell 
antl  coral,  with  here  and  there  some  entire  corals  and  shells,  of  species 
now  living  in  the  adjacent  ocean.  With  them  are  included  arrow-heads, 
fragments  of  pottery,  and  other  articles  of  human  workmanship.  A 
limestone  with  similar  contents  has  been  formed,  and  is  still  forming,  in 
St  Domingo.  But  there  are  also  more  ancient  rocks  in  the  West  Indian 
Archipelago,  as  in  Cuba,  near  the  Havana,  and  in  other  islands,  in 
which  are  shells  identical  with  those  now  living  in  corresponding  lati- 
tudes ;  some  well-preserved,  others  in  the  state  of  casts,  all  referable  to 
the  post-pliocene  period. 

I  have  already  described  in  the  seventh  chapter,  p.  84,  what  would  be 
the  effects  of  oscillations  and  changes  of  level  in  any  region  drained  by 
a  great  river  and  its  tributaries,  supposing  the  area  to  be  first  depressed 
several  hundred  feet,  and  then  re-elevated.  I  believe  that  such  changes 
in  the  rdative  level  of  land  and  sea  have  actually  occurred  in  the  post- 
pliooene  era  in  the  hydrographical  basin  of  the  Mississippi  and  in  that 
of  the  Rhine.  The  accumulation  of  fluviatile  matter  in  a  delta  during 
a  fliow  aubddenoe  may  raise  the  newly  gained  land  superficially  at  the 
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same  rate  at  which  its  foundations  sink,  so  that  these  may  go  down 
hundreds  or  thousands  of  feet  perpendicularly,  and  yet  the  sea  bordering 
the  delta  may  always  be  excluded,  the  whole  deposit  oontinning  to  be 
terrestrial  or  freshwater  in  character.  This  appears  to  have  happened  in 
the  deltas  both  of  the  Po  and  Ganges,  for  recent  artesian  borings,  pen- 
etrating to  the  depth  of  400  feet,  have  there  shown  that  fluviatile  strata, 
with  shells  of  recent  species,  together  with  ancient  sur&oes  of  land  sup- 
porting turf  and  forests,  are  depressed  hundreds  of  feet  below  the  sea 
level.*  Should  these  countries  be  once  more  slowly  upraised,  the  rivers 
would  carve  out  valleys  through  the  horizontal  and  unconsolidated  strata 
as  they  rose,  sweeping  away  the  greater  portion  of  them,  and  leaving 
mere  fragments  in  the  shape  of  terraces  skirting  newly-formed  alluvial 
plains,  as  monuments  of  the  former  levels  at  which  the  rivers  ran.  Of 
this  natiu*e  are  "  the  bluflfs,"  or  river  cliflfs,  now  bounding  the  valley  of 
the  Mississippi  throughout  a  large  portion  of  its  course.  Thus  let  a  6, 
fig.  106,  represent  the  alluvial  plain  of  the  Mississippi,  a  plain  which,  at 
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Valley  of  the  Mississippi. 
1.  Allnviam.  2.  Loess.  8.  /.  Eocene.  4.  Cretaccoos. 

the  point  alluded  to,  is  more  than  30  miles  broad,  and  is  truly  a  pro- 
longation of  the  modern  delta  of  that  river.  It  is  bounded  by  blufl^ 
the  upper  portions  of  which  consist,  both  on  the  east  and  west  side,  of 
shelly  loam.  No.  2  rising  from  100  to  200  feet  above  the  level  of  the 
plain,  and  containing  land  and  freshwater  shells  of  the  genera  HeliXy 
Pupa,  Succineay  and  Lymnea,  of  the  same  species  as  those  now  inhabit- 
ing the  neighboring  forests  and  swamps.  In  the  same  loam  also.  No.  2, 
are  found  the  bones  of  the  Mastodon,  Elephant,  Megalonyx,  and  other 
extinct  quadrupeds. 

I  have  endeavored  to  show  that  the  deposits  forming  the  delta  and 
alluvial  plain  of  the  Mississippi  consist  of  sedimentary  matter,  extend- 
ing over  an  area  of  30,000  square  miles,  and  known  in  some  parts  to  be 
several  hundred  feet  deep.  Although  we  cannot  estimate  correctly  how 
many  years  it  may  have  required  for  the  river  to  bring  down  from  the 
upper  country  so  large  a  quantity  of  earthy  matter — the  data  for  such  a 
computation  being  as  yet  incomplete — we  may  still  approximate  to  a 
minimum  of  the  time  which  such  an  operation  must  have  taken,  by 
ascertaining  experimentally  the  annual  discharge  of  water  by  the  Missis- 
sippi, and  the  mean  annual  amount  of  solid  matter  contained  in  its 
waters.  The  lowest  estimate  of  the  time  required  would  lead  us  to 
assign  a  high  antiquity,  amounting  to  many  tens  of  thousands  of  years 

*  See  Principles,  8th  ed.  ppi  260—268. 
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to  the  eidsting  delta,  the  origin  of  which  is  nevertheless  an  event  of 
yesterday  when  contrasted  with  those  terraces,  c,  and  d  e,  fig.  106, 
formed  of  the  loam  No.  2  above  mentioned.  These  materials  of  the 
blu&  a  and  d  were  produced,  the  reader  will  observe,  during  the  first 
part  of  that  great  oscillation  of  level  which  depressed  to  a  depth  of  200 
feet  a  laiger  area  than  the  modem  delta  and  plain  of  the  Mississippi,  and 
then  restored  the  region  to  its  former  position.* 

Loess  of  the  Valley  of  the  Rhine, — A  similar  succession  of  geograph- 
ical changes  attended  by  the  production  of  a  fiuviatile  formation,  singu- 
larly resembling  that  which  bounds  the  great  plain  of  the  Mississippi, 
seems  to  have  occurred  in  the  hydrographical  basin  of  the  Rhine,  since 
the  time  when  that  basin  had  already  acquired  its  present  outline  of.hill 
and  valley.  I  allude  to  the  deposit  provincially  termed  loess  in  part  of 
Germany,  or  lehm  in  Alsace,  filled  with  land  and  freshwater  shells  of 
existing  species.  It  is  a  fineiy  comminuted  sand  or  pulverulent  loam  of  a 
yellowish  gray  color,  consisting  chiefly  of  argillaceous  matter  combined 
with  a  sixth  part  of  carbonate  of  lime,  and  a  sixth  of  quartzose  and 
micaceous  sand.  It  often  contains  calcareous  sandy  concretions  or  nod- 
ules, rarely  exceeding  the  size  of  a  man's  head.  Its  entire  thickness 
amounts,  in  some  places,  to  between  200  and  300  feet;  yet  there  are 
often  no  signs  of  stratification  in  the  mass,  except  here  and  there  at  the 
bottom,  where  there  is  occasionally  a  slight  intermixture  of  drifted  ma- 
terials derived  from  subjacent  rocks.  Unsolidified  as  it  is,  and  of  so 
perishable  a  nature,  that  every  streamlet  flowing  over  iC  cuts  out  for 
itself  a  deep  gully,  it  usually  terminates  in  a  vertical  clifi^  from  the  sur- 
face of  which  land-shells  are  seen  here  ana  there  to  project  in  relief.  In 
all  these  features  it  presents  a  precise  counterpart  to  the  loess  of  the 
Mississippi.  It  is  so  homogeneous  as  generally  to  exhibit  no  signs  of 
stratification,  owing,  probably,  to  its  materials  having  been  derived  from 
a  oonmum  source,  and  having  been  accumulated  by  a  uniform  action. 
Yet  it  displays  in  some  few  places  decided  marks  of  successive  deposi- 
tion, where  coarser  and  finer  materials  alternate,  especially  near  the  bot- 
tom. Calcareous  concretions,  also  inclosing  land-shells,  are  sometimes 
arranged  in  horizontal  layers.  It  is  a  remarkable  deposit,  from  its  posi- 
tion, wide  extent,  and  thickness,  its  homogeneous  mineral  composition, 
and  freshwater  origin.  Its  distribution  clearly  shows  that  after  the  great 
valley  of  the  Rhine,  from  Schaff  hausen  to  Bonn,  had  acquired  its  present 
fionni  having  its  bottom  strewed  over  with  coarse  gravel,  a  period  arrived 
when  it  became  filled  up  from  side  to  side  with  fine  mud,  which  was 
also  thrown  down  in  the  valleys  of  the  principal  tributaries  of  the 
Bhine. 

Thus,  for  example,  it  may  be  traced  far  into  Wiirtemberg,  up  the  val- 
ley of  the  Neckar,  and  frx>m  Frankfort,  up  the  valley  of  the  Main,  to 
above  Dettelbach.  I  have  also  seen  it  spreading  over  the  country  of 
Mayenoe,  Eppelsheim,  and  Worms,  on  the  lefl  bank  of  the  Rhine,  and 
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on  the  opposite  side  on  the  table-land  above  the  Bergstrarae,  between 
Wiesloch  and  Bruchsal,  where  it  attains  a  thickness  of  200  feet  Near 
Strasburg,  large  masses  of  it  appear  at  the  foot  of  the  Vosges  on  the  left 
bank,  and  at  the  base  of  the  mountains  of  the  Black  Forest  on  the  right 
bank.  The  Kaiserstuhl,  a  volcanic  mountain  which  stands  in  the  middle 
of  the  plain  of  the  Rhine  near  Freiburg,  has  been  covered  almost  every- 
where with  this  loam,  as  have  the  extinct  volcanoes  between  Ooblentc 
and  Bonn.  Near  Andernach,  in  the  Kirchw^,  the  loess  containing  the 
.usual  shells  alternates  with  volcanic  matter;  and  over  the  whole  are 
strewed  layers  of  pumice,  lapilli,  and  volcanic  sand,  from  10  to  15  feet 
thick,  very  much  resembling  the  ejections  under  which  Pompeii  lies 
buried.  There  is  no  passage  at  this  upper  junction  from  the  loess  into 
the  pumiceous  superstratum  ;  and  this  last  follows  the  slope  of  the  hill, 
just  as  it  would  have  done  had  it  fallen  in  showers  from  the  air  on  a 
declivity  partly  formed  of  loess. 

But,  in  general,  the  loess  overlies  all  the  volcanic  products,  even  those 
between  Neuwied  and  Bonn,  which  have  the  most  modem  aspect ;  and 
it  has  filled  up  in  part  the  crater  of  the  Roderberg,  an  extinct  volcano 
near  Bonn.  In  1833  a  well  was  sunk  at  the  bottom  of  this  crater, 
through  70  feet  of  loess,  in  part  of  which  were  the  usual  calcareous  con- 
cretions. 

The  interstratification  above  alluded  to,  of  loess  with  layers  of  pumice 
and  volcanic  ashes,  has  led  to  the  opinion  that  both  during  and  since  its 
deposition  some  of  the  last  volcanic  eruptions  of  the  Lower  Eifel  have 
taken  place.  Should  such  a  conclusion  be  adopted,  we  should  be  called 
upon  to  assign  a  very  modem  date  to  these  emptions.  This  curious 
point,  therefore,  deserves  to  be  reconsidered ;  since  it  may  possibly  have 
happened  that  the  waters  of  the  Rhine,  swollen  by  the  melting  of  snow 
and  ice,  and  flowing  at  a  great  height  through  a  valley  choked  up  with 
loess,  may  have  swept  away  the  loose  superficial  scoriaft  and  pumice  of 
the  Eifel  volcanoes,  and  spread  them  out  occasionally  over  the  yellow 
loam.  Sometimes,  also,  the  melting  of  snow  on  the  slope  of  small  vol- 
canic cones  may  have  given  rise  to  local  floods,  capable  of  sweeping  down 
light  pumice  into  the  adjacent  low  grounds. 

The  first  idea  which  has  occurred  to  most  geologists,  after  examining 
the  loess  between  Mayence  and  Basle,  is  to  imagine  that  a  great  lake 
once  extended  throughout  the  valley  of  the  Rhine  between  those  two 
places.  Such  a  lake  may  have  sent  ofi*  large  branches  up  the  course  of 
the  Main,  Neckar,  and  other  tributary  valleys,  in  all  of  which  large 
patches  of  loess  are  now  seen.  The  barrier  of  the  lake  might  be  placed 
somewhere  in  the  narrow  and  picturesque  gorge  of  the  Rhine  between 
Bingen  and  Bonn.  But  this  theory  fails  altogether  to  explain  tlie  phe- 
nomena ;  when  we  discover  that  that  gorge  itself  has  once  been  filled 
witli  loess,  which  must  have  been  tranquilly  deposited  in  it,  as  also  in 
the  lateral  valley  of  the  Lahn,  communicating  with  the  gorge.  The 
loess  has  also  overspread  the  high  adjoining  platform  near  the  village  of 
Plaidt  above  Andernach.    Nay^  on  proceeding  farther  down  to  the  north, 
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we  diaooyer  that  the  hilb  which  skirt  the  great  valley  hetween  Bonn 
and  Cologne  have  loess  on  their  flanks,  which  also  covers  here  and 
there  the  gravel  of  the  plain  as  &r  as  Cologne,  and  the  nearest  rising 
grounds. 

Besides  these  ohjections  to  the  lake  theory,  the  loess  is  met  with  near 
Basle,  capping  hills  more  than  1200  feet  above  the  sea ;  so  that  a  bar- 
rier of  land  capable  of  separating  tlie  supposed  lake  from  the  ocean 
would  require  to  be,  at  least,  as  high  as  the  mountains  called  the  Sieben- 
gebirge,  near  Bonn,  the  loftiest  summit  of  which,  the  Oehlberg,  is  1209 
feet  above  the  Rhine,  and  1369  feet  above  the  sea.  It  would  be  neces- 
sary, moreover,  to  place  this  lofty  barrier  somewhere  below  Cologne,  or 
precisely  where  the  level  of  the  land  is  now  lowest 

Instead,  therefore,  of  supposing  one  continuous  lake  of  sufficient  extent 
and  depth  to  allow  of  the  simulation  of  the  loess,  at  various  heights, 
throughout  the  whole  area  where  it  now  occurs,  I  formerly  suggested 
that,  subsequently  to  the  period  when  the  countries  now  drained  by  the 
Rhine  and  its  tributaries  had  nearly  acquired  their  actual  form  and  geo- 
graphical features,  they  were  again  depressed  gradually  by  a  movement 
like  that  now  in  progress  on  the  west  cojist  of  Greenland.*  In  propor- 
tion as  the  whole  district  was  lowered,  the  general  fall  of  tlie  waters 
between  the  Alps  and  the  ocean  w^is  lessened  ;  and  both  the  main  and 
lateral  valleys,  becoming  more  subject  to  river  inundations,  were  partially 
filled  up  with  fluviatile  silt,  containing  land  and  freshwater  shells.  When 
a  thicluiess  of  many  hundred  feet  of  loess  had  been  tlirown  down  slowly 
by  this  operation,  the  whole  region  was  once  more  upheaved  gradually. 
During  this  upward  movement  most  of  the  fine  loam  would  be  carried 
off  by  the  denuding  power  of  rains  and  rivers ;  and  thus  the  original 
valleys  might  have  been  re-excavated,  and  the  country  almost  restored  to 
its  pristine  state,  with  the  exception  of  some  masses  and  patches  of  loess 
such  as  still  remain,  and  which,  by  their  frequency  and  remarkable  ho- 
mogeneousness  of  composition  and  fossils,  attest  the  ancient  continuity 
afid  common  origin  of  the  whole.  By  imagining  these  oscillations  of 
level,  we  dispense  with  the  necessity  of  erecting  and  afterwards  removing 
a  mountain  barrier  sufficiently  high  to  exclude  the  ocean  from  the  valley 
of  the  Rhine  during  the  period  of  the  accumulation  of  the  loess. 

The  proportion  of  land  shells  of  tlie  genera  Ifelix,  Pupa,  and  Bxdi- 
mu8^  is  very  large  in  the  loess ;  but  in  many  places  aquatic  species  of 
the  genera  Lymnea^  Paludina^  and  Plajiorbis  are  also  found.  Thesf, 
may  have  been  carried  away  during  floods  from  shallow  pools  and 
marshes  bordering  the  river ;  and  the  great  extent  of  marshy  ground 
caused  by  the  wide  overflowings  of  rivers  above  supposed  would  fevor 
the  multiplication  of  amphibious  mollusks,  such  as  the  Succinea  (fig. 
107),  which  is  almost  everywhere  characteristic  of  this  formation,  and  is 
sometimes  accompanied,  as  near  Bonn,  by  another  species,  S,  amphibia 
(fig.  34,  p.  29).    Among  other  abundant  fossils  are  Helix  plebeium  and 

•  Princ  of  Qed.  8d  editioo,  1884,  vol  iu.  p.  414. 
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Pupa  museorum,  (See  Figures.)  Both  the  terrestrial  and  aquatic 
shells  preserved  in  the  loess  are  of  most  fragile  and  delicate  structure^ 

Fig.  107.  Fig.  lOa  Fig.  100. 

and  yet,  they  are  almost  invariably  perfect  and  uninjured.  They  must 
have  been  broken  to  pieces  had  they  been  swept  along  by  a  violent  in- 
undation. Even  the  color  of  some  of  the  land-shells,  as  that  of  Helix 
nemoralh,  is  occasionally  preserved. 

Bones  of  vertebrated  animals  are  rare  in  the  loess,  but  those  of  the 
mammoth,  horse,  and  some  other  quadrupeds  have  been  met  with.  At 
the  village  of  Binningen,  and  the  hills  called  Bruder  Holz,  near  Basle,  I 
found  the  vertebrae  of  fish,  together  with  the  usual  shells.  These  ver- 
tebrae, according  to  M.  Agassiz,  belong  decidedly  to  the  Shark  family, 
perhaps  to  the  genus  Lamna,  In  explanation  of  their  occurrence  among 
land  and  freshwater  shells,  it  may  be  stated  that  certain  fish  of  this  fam- 
ily ascend  the  Senegal,  Amazon,  and  other  great  rivers,  to  the  distance 
of  several  hundred  miles  fi*om  the  ocean.* 

At  Cannstadt,  near  Stuttgardt,  in  a  valley  also  belonging  to  the  hydro- 
graphical  busin  of  the  Rhine,  I  have  seen  the  loess  pass  downwards  into 
beds  of  calcareous  tuff  and  travertin.  Several  valleys  in  northern  Ger- 
many, as  that  of  the  Ilm  at  Weimar,  and  that  of  the  Tonna,  north  of 
Gotha,  exhibit  similar  masses  of  modern  limestone  filled  with  recent 
shells  of  the  genera  Planorhis^  Lymnea^  Paludina,  <fec,  from  50  to  80 
feet  thick,  with  a  bed  of  loess  much  resembling  that  of  the  Rhine,  occa- 
sionally incumbent  on  them.  In  these  modem  limestones  used  for  build- 
ing, the  bones  of  Elephas  primi/jfeniuSy  Rhinoceros  tichorinuSj  Ursus^ 
tpeloeuSy  Hyoena  spelcea,  with  the  horse,  ox,  deer,  and  other  quadrupeds, 
occur;  and  in  1850  Mr.  H.  Credner  and  I  obtained  in  a  quarry  at  Ton- 
na, at  the  depth  of  15  feet,  inclosed  in  the  calcareous  rock  and  surrounded 
with  dicotyledonous  leaves  and  petrified  leaves,  four  eggs  of  a  snake  of 
the  size  of  the  largest  European  Coluber,  which,  with  three  otliers,  had 
been  found  lying  in  a  series,  or  string. 

They  are,  I  believe,  the  first  reptilian  remains  which  have  been  met 
with  in  strata  of  this  age. 

The  agreement  of  the  shells  in  these  cases  with  recent  European  spe- 
cies enables  us  to  refer  to  a  very  modem  period  the  filling  up  and  re- 
excavation  of  the  valleys ;  an  operation  which  doubtless  consumed  a  long 
period  of  time,  since  which  the  mammiferous  fauna  has  undeigone  a 
considerable  change. 

*  Proceedings  Geol  Soc  Na  48.  p.  222. 
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CHAPTER  XI. 

NEWSR   PLIOCSmE    PERIOD BOULDER   FORMATION. 

Drift  of  ScaDdinavia,  northem  Germanj,  and  Ruuia — Its  northern  origin — Not 
all  of  the  same  age — Fundamental  rocks  polished,  grooved,  and  scratched — 
Action  of  glaciers  and  icebergs — Fossil  shells  of  glacial  period — Drift  of  eastern 
Norfolk — Associated  freshwater  deposit — Bent  and  folded  strata  lying  on  un- 
disturbed beds— Shells  on  Moel  Tryfane — Ancient  glaciers  of  North  Wales — 
Irish  drill 

Among  the  different  kinds  of  alluvium  described  in  the  seventh  chapter, 
mention  was  made  of  the  boulder  formation  in  the  north  of  Europe,  the 
peculiar  characters  of  which  may  now  be  considered,  as  it  belongs  in 
part  to  the  post-pliocene,  and  partly  to  Uie  newer  pliocene,  period.  I 
shall  first  allude  briefly  to  that  portion  of  it  which  extends  from  Finland 
and  the  Scandinavian  moiyitains  to  the  north  of  Russia,  and  the  low 
countries  bordering  the  Baltic,  and  which  has  been  traced  southwards  as 
&r  as  the  eastern  coast  of  England.  This  formation  consists  of  mud, 
sand,  and  clay,  sometimes  stratified,  but  often  wholly  devoid  of  stratifica- 
tion, for  a  depth  of  more  than  a  hundred  feet.  To  this  unstratified  form 
of  the  deposit,  the  name  of  till  has  been  applied  in  Scotland.  It  gen- 
erally contains  numerous  fragments  of  rocks,  some  angular  and  others 
rounded,  which  have  been  derived  from  formations  of  all  ages,  both  fos- 
siliferous,  volcanic,  and  hypogene,  and  which  have  often  been  brought 
from  great  distances.  Some  of  the  travelled  blocks  are  of  enormous 
size,  several  feet  or  yards  in  diameter ;  their  average  dimensions  increas- 
ing as  we  advance  northwards.  The  till  is  almost  everywhere  devoid  of 
organic  remains,  unless  where  these  have  been  washed  into  it  from  older 
formations ;  so  that  it  is  chiefly  fi*om  relative  position  that  we  must  hope 
to  derive  a  knowledge  of  its  age. 

Although  a  large  proportion  of  the  boulder  deposit,  or  "northern 
drift,"  as  it  has  sometimes  been  called,  is  made  up  of  fragments  brought 
from  a  distance,  and  which  have  sometimes  travelled  many  hundred 
miles,  the  bulk  of  the  mass  in  each  locality  consists  of  the  ruins  of  sub- 
jacent or  neighboring  rocks ;  so  that  it  is  red  in  a  region  of  red  sand- 
stone, white  in  a  chalk  country,  and  gray  or  black  in  a  district  of  coal 
and  coal-shale. 

The  fundamental  rock  on  which  the  boulder  formation  reposes,  if  it 
consists  of  granite,  gneiss,  marble,  or  other  hard  stone  capable  of  perma- 
nently retaining  any  superficial  markings  which  may  have  been  imprinted 
upon  it,  is  smoothed  or  polished,  and  usually  exhibits  parallel  striae  and 
furrows  having  a  determinate  direction.  This  direction,  both  in  Eiu*ope 
.and  North  America,  is  evidently  connected  with  the  course  taken  by  the 
erratic  blocks  in  the  same  district  being  north  or  south,  or  20  or  30  degrees 
to  the  east  or  west  of  north,  according  as  the  large  angular  and  rounded 
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stones  have  travelled.    These  stones  tliemsdves  also  are  often  furrowed 
and  scratched  oo  more  than  one  side. 

In  explanation  of  such  phenomena  I  initj  refer  the  student  to  what 
was  said  of  the  action  of  glaciers  and  icebergs  in  tlie  Principles  of  Geol- 
ogy,* It  is  ascertained  that  hard  stones,  frozen  into  a  moving  mass  i^ 
ice,  and  pushed  along  under  the  pressure  of  that  mass,  scoop  out  long 
rectilinear  furrows  or  grooves  parallel  to  each  other  on  the  subjacent 
solid  rock.    (See  6g.  1 10.)    Smaller  scratdies  and  stritt  are  made  on 
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tlie  polished  surface  by  crystals  or  projecting  edges  of  the  hardest  min- 
erals, just  as  a  diamond  cuts  glass.  Tlie  recent  polishing  and  striation 
of  limestone  by  coast-ice  carrying  boulders  even  as  far  south  as  the  CCMSt 
of  Denmark,  has  been  ol>scrved  by  Dr.  Forchhammer,  and  helps  us  to 
conceive  how  large  icebergs,  running  aground  on  the  bed  of  the  sea,  may 
produce  similar  furrows  on  a  grander  scale.  An  account  was  given  so 
long  ago  as  the  year  1822,  by  Scoresby,  of  icebergs  seen  by  him  drifting 
along  in  latitudes  60°  and  70'^  N.,  which  rc«e  above  the  surface  from 
100  to  200  feet,  and  measured  from  a  few  yards  to  a  mile  in  drcumfo- 
ence.  Many  of  them  were  loaded  witli  beds  of  earth  and  rock,  of  such 
thickness  that  the  weight  was  conjectured  to  be  from  50,000  to  100,000 
tons.f  A  similar  transportation  of  rocks  is  known  to  be  in  progress  in 
the  southern  hemisphere,  where  boulders  included  in  ice  are  far  more 
frequent  than  in  the  north.  One  of  these  icebergs  was  encountered  in 
1839,  in  mid-ocean,  in  the  antarctic  regions,  many  hundred  miles  from 
any  known  land,  sailing  northwards,  with  a  large  erratic  block  firmly 

*  Obap.  ztL  and  tbe  refereDCM  there  given.         f  Voysgei  in  1622,  p.  SSS. 
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frocen  into  it  In  order  to  understand  in  what  manner  long  and  straight 
grooves  may  be  cut  by  such  agency,  we  must  remember  that  these  float- 
ing islands  of  ice  have  a  singular  steadiness  of  motion,  in  consequence 
of  the  larger  portion  of  their  bulk  being  sunk  deep  under  water,  so  that 
they  are  not  perceptibly  moved  by  the  winds  and  waves  even  in  the 
strongest  gales.  Many  had  supposed  tliat  the  magnitude  commonly 
attributed  to  icebergs  by  unscientific  navigators  was  exaggerated,  but 
now  it  appears  that  the  popular  estimate  of  their  dimensions  has  rather 
fallen  within  than  beyond  the  truth.  Many  of  them,  carefully  measured 
by  the  officers  of  the  French  exploring  expedition  of  the  Astrolabe,  were 
between  100  and  225  feet  high  a)x>ve  water,  and  from  2  to  5  miles  in 
length.  Captain  d'Urville  ascertained  one  of  them  which  he  saw  float- 
ing in  the  Southern  Ocean  to  be  13  miles  long  and  100  feet  high,  with 
walls  perfectly  vertical.  The  submerged  portions  of  such  islands  must, 
according  to  the  weight  of  ice  relatively  to  sea- water,  be  from  six  to  eight 
times  more  considerable  than  the  part  which  is  visible,  so  that  the 
mechanical  power  they  might  exert  when  fairly  set  in  motion  must  be 
prodigious.* 

Glaciers  formed  in  mountainous  regions  become  laden  with  mud  and 
stones,  and  if  they  melt  away  at  their  lower  extremity  before  they  reach 
the  sea,  they  leave  wherever  they  terminate  a  confused  heap  of  unstrati- 
fied  rubbish,  called  "  a  moraine,"  composed  of  mud  and  pieces  of  all  the 
rocks  with  which  Uiey  were  loaded.  We  may  expect,  tlierefore,  to  find 
a  formation  of  the  same  kind,  resulting  from  the  liquefaction  of  icebergs, 
in  tranquil  water.  But,  should  the  action  of  a  current  intervene  at  cer- 
tain points  or  at  certain  seasons,  then  the  materials  will  be  sorted  as  they 
fall,  and  arranged  in  layers  according  to  their  relative  weight  and  size. 
Hence  there  will  be  passages  from  tillj  as  it  is  called  in  Scotland,  to 
stratified  clay,  gravel,  and  sand,  and  intercalations  of  one  in  the  other. 

I  have  yet  to  mention  another  appearance  connected  with  the  boulder 
formation,  which  has  justly  attracted  much  attention  in  Norway  and 
other  parts  of  Europe.  Abrupt  pinnacles  and  outstanding  ridges  of 
rock  are  often  observed  to  be  polished  and  furrowed  on  the  north,  or 
"strike"  side  as  it  is  called,  or  on  the  side  facing  the  region  from  which 
tlie  erratics  have  come ;  while,  on  the  other  side,  which  is  usually  steeper 
and  oft^n  perpendicular,  called  the  "  lee-side,"  such  superficial  markings 
are  wanting.  There  is  usually  a  collection  on  this  lee-side  of  boulders 
and  gravel,  or  of  large  angular  fragments.  In  explanation  we  may  sup- 
pose that  the  north  side  was  exposed,  when  still  submerged,  to  the  action 
of  icebergs,  and  afterwards,  when  the  land  was  upheaved,  of  coast-ice 
which  ran  aground  upon  shoals,  or  was  packed  on  the  beach ;  so  that 
there  would  be  great  wear  and  tear  on  the  seaward  slope,  while,  on 
the  other,  gravel  and  boulders  might  be  heaped  up  in  a  sheltered  posi- 
tion. 

Northern  origin  of  erratics, — ^That  the  erratics  of  northern  Europe 

*  T.  Lu  Hayes,  Boston  Joum.  Kat.  Uist.  1844. 
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have  been  carried  southward  cannot  be  doubted ;  those  of  g^nite,  for 
example,  scattered  over  large  districts  of  Russia  and  Poland,  agree  pre- 
cise! j  in  character  with  rocks  of  the  mountains  of  Lapland  and  Finland; 
while  the  masses  of  gneiss,  syenite,  porphyry,  and  trap,  strewed  over  the 
low  sandy  countries  of  Pomerania,  Holstein,  and  Denmark  are  identical 
in  mineral  characters  witli  the  mountnins  of  Norway  and  Sweden. 

It  is  found  to  be  a  general  rule  in  Russia,  that  the  smaller  blocks  are 
carried  to  greater  distances  from  their  point  of  departure  than  the  larger; 
the  distance  being  sometimes  800  and  even  1000  miles  from  the  nearest 
rocks  from  which  they  were  broken  oflf;  the  direction  having  been  from 
N.  W.  to  S.  E.,  or  from  the  Scandinavian  mountains  over  the  seas  and 
low  lands  to  the  southeast  That  its  accumulation  t]irough<>ut  this  area 
took  place  in  part  during  the  post-pliocene  period  is  proved  by  its  super- 
position at  several  points  to  strata  containing  recent  shells.  Thus,  for 
example,  in  Europe^m  Russia,  MM.  Murchison  and  De  Vemeuil  found  in 
1840,  that  the  flat  country  between  St  Petersburg  and  Archangel,  for  a 
distance  of  600  miles,  consisted  of  horizontal  strata,  full  of  shells  similar 
to  those  now  inhabiting  the  arctic  sea,  on  which  rested  the  boulder  forma- 
tion, containing  large  erratics. 

In  Sweden,  in  Uie  immediate  neighborhood  of  Upsal,  I  observed,  in 
1834,  a  ridge  of  stratified  sand  and  gravel,  in  the  midst  of  which  is  a 
layer  of  marl,  evidently  formed  originally  at  the  bottom  of  the  Baltic, 
by  the  slow  growth  of  the  mussel,  cockle,  and  other  marine  shells,  inter- 
mixed with  some  of  freshwater  species.  Tlie  marine  shells  are  all  of 
dwarfish  size,  like  those  now  inhabiting  the  brackish  waters  of  the  Baltic; 
and  tlie  marl,  in  which  myriads  of  them  are  imbedded,  is  now  raised 
more  than  100  feet  above  the  level  of  the  Gulf  of  Bothnia.  Upon  the 
top  of  this  ridge  repose  several  huge  erratics,  consisting  of  gneiss  for  the 
most  part  unrounded,  from  9  to  16  feet  in  diameter,  and  which  must 
have  been  brought  into  their  present  position  since  the  time  when  the 
neighboring  gulf  was  already  characterized  by  its  peculiar  fauna.*  Here, 
therefore,  we  have  proof  that  the  transport  of  erratics  continued  to  take 
place,  not  merely  when  the  sea  was  inhabited  by  the  existing  testacea, 
but  when  the  north  of  Europe  had  already  assumed  that  remarkable 
feature  of  its  physical  geography,  which  separates  the  Baltic  from  the 
North  Sea,  and  causes  the  Gulf  of  Bothnia  to  have  only  one-fourth  of 
the  saltness  belonging  to  the  ocean.  In  Denmark,  also,  recent  shells 
have  been  found  in  stratified  beds,  closely  associated  with  the  boulder 
clay. 

It  was  stated  that  in  Russia  the  erratics  diminished  generally  in  siie 
in  proportion  as  they  are  traced  farther  from  their  source.  The  same 
observation  holds  true  in  regard  to  the  average  bulk  of  the  Scandinaviaa 
boulders,  when  we  pursue  them  southwards,  from  the  south  of  Norway 
and  Sweden  through  Denmark  and  Westphalia.  This  phenomenon  is 
in  perfect  harmony  with  the  theory  of  ice-islands  floating  in  a  sea  of 

*  See  paper  by  the  author,  PhiL  Trans.  1886.  p.  16. 
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variable  depth ;  for  the  heavier  erratics  require  icebergs  of  a  larger  size 
lo  buoy  them  up ;  and  even  when  there  are  no  stones  frozen  in,  more 
than  seven-eighths,  and  often  nine-tenths,  of  a  mass  of  drift-ice  is  under 
water.  The  greater,  therefore,  the  volume  of  tlie  iceberg,  the  sooner 
would  it  impinge  on  some  shallower  part  of  the  sea ;  while  the  smaller 
and  lighter  floes,  laden  with  finer  mud  and  gravel,  may  pass  freely  over 
the  same  banks,  and  be  carried  to  much  greater  distances.  In  those 
places,  also,  where  in  the  course  of  centuries  blocks  have  been  carried 
southwards  by  coast-ice,  having  been  often  stranded  and  again  set  afloat 
in  the  direction  of  a  prevailing  current,  the  blocks  will  be  worn  and 
diminish  in  size  the  farther  they  travel  from  their  point  of  departure. 

The  "  northern  drift"  of  the  most  southern  latitudes  is  usually  of  the 
highest  antiquity.  In  Scotland  it  rests  immediately  on  the  older  rocks, 
and  is  covered  by  stratified  sand  and  clay,  usually  devoid  of  fossils,  but 
in  which,  at  certain  points  near  the  east  and  west  coast,  as,  for  example, 
in  the  estuaries  of  the  Tay  and  Clyde,  marine  shells  have  been  discovered. 
The  same  shells  have  also  been  met  with  in  the  north,  at  Wick  in  Caith- 
nen,  and  on  the  shores  of  the  Moray  Frith.  The  principal  deposit  on 
the  Clyde  occurs  at  the  height  of  about  70  feet,  but  a  few  shells  have 
been  traced  in  it  as  high  as  554  feet  above  the  sea.  Although  a  propor- 
tion of  between  85  or  90  in  100  of  the  imbedded  shells  are  of  recent 
species,  the  remainder  are  unknown ;  and  even  many  which  are  recent 
now  inhabit  more  northern  seas,  where  we  may,  perhaps,  hereafter  find 
living  representatives  of  some  of  the  unknown  fossils.  The  distance  to 
which  erratic  blocks  have  l)een  carried  southwards  in  Scotland,  and  the 
oourse  they  have  taken,  which  is  often  wholly  independent  of  the  present 
position  of  hill  and  valley,  favors  the  idea  that  ice-rafts  rather  than  gla- 
ciers were  in  general  the  transporting  agents.  The  Grampians  in  For- 
fiirshire  and  in  Perthshire  are  from  3000  to  4000  feet  high.  To  the 
southward  lies  the  broad  and  deep  valley  of  Strathmore,  and  to  the 
south  of  this  again  rise  the  Sidlaw  Hills*  to  the  height  of  1500  feet  and 
upwards.  On  the  highest  summits  of  this  chain,  formed  of  sandstone 
and  shale,  and  at  various  elevations,  are  found  huge  angular  fragments 
of  mica-schist,  some  3  and  others  15  feet  in  diameter,  which  have  been 
conveyed  for  a  distance  of  at  least  15  miles  from  the  nearest  Grampian 
rocks  from  which  they  could  have  been  detached.  Others  have  been 
left  strewed  over  the  bottom  of  the  large  intervening  vale  of  Strath- 
more. 

Still  farther  south  on  the  Pentland  Hills,  at  the  height  of  1100  feet 
above  the  sea,  Mr.  Madaren  has  observed  a  fragment  of  mica-schist 
weighing  from  8  to  10  tons,  the  nearest  mountain  composed  of  this  for- 
mation being  50  miles  distantf 

The  testaceous  fauna  of  the  boulder  period,  in  Scotland,  Engiand,  and 
Ireland,  has  been  shown  by  Profl  E.  Forbes  to  contain  a  much  smaller 
nunber  of  species  than  that  now  belonging  to  the  British  seas,  and  to 

*  See  abova^  mcUoii,  p.  48.  f  OeoL  of  Fife,  Ac  p.  220. 
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have  been  also  much  less  rich  in  species  than  the  Older  Pliocene  fkunm 
of  tlie  crag  which  preceded  it  Yet  the  species  are  nearly  all  of  them 
now  living  either  in  the  British  or  more  northern  seas,  the  shells  of  mom 
arctic  latitudes  being  the  most  abundant  and  the  most  wide  spread 
throughout  the  entire  area  of  the  drift  from  north  to  south. 

This  extensive  range  of  the  fossils  can  by  no  means  be  explained  by 
imagining  the  moUusca  of  the  drift  to  have  been  inhabitants  of  a  deep 
sea,  where  a  more  uniform  temperature  prevailed.  On  the  contrary, 
many  species  were  littoral,  and  others  belonged  to  a  shallow  sea,  not 
above  100  feet  deep,  and  very  few  of  them  lived,  according  to  Prof.  R 
Forbes,  at  greater  depths  than  300  feet 

From  what  was  before  stated  it  will  appear  that  the  boulder  formation 
displays  almost  everywhere,  in  its  mineral  ingredients,  a  strange  hetero- 
geneous mixture  of  the  ruins  of  adjacent  lands,  with  stones  both  angular 
and  rounded,  which  have  come  from  points  often  very  remote.  Thus  we 
find  it  in  our  eastern  counties,  as  in  Norfolk,  Suffolk,  Cambridge,  Hunt- 
ingdon, Bedford,  Hertford,  Essex,  and  Middlesex,  containing  stones  from 
the  Silurian  and  Carboniferous  strata,  and  from  the  lias,  oolite,  and  chalk, 
all  with  their  peculiar  fossils,  together  with  trap,  syenite,  mica-schist, 
granite,  and  other  crystalline  rocks.  A  fine  example  of  tliis  singular 
mixture  extends  to  the  very  suburbs  of  London,  being  seen  on  the 
summit  of  Muswell  Hill,  Highgate.  But  south  of  London  the  northern 
drift  is  wanting,  as,  for  example,  in  the  Wealds  of  Surrey,  Kent,  and 
Sussex. 

Norfolk  drift, — The  drift  can  nowhere  be  studied  more  advantageous- 
ly in  England  than  in  the  cliffs  of  the  Norfolk  coast  between  Happisburgh 
and  Cromer.  Vertical  sections,  having  an  ordinary  height  of  from  60  to 
70  feet,  are  there  exposed  to  view  for  a  distance  of  about  20  miles.  The 
name  of  diluvium  was  formerly  given  to  it  by  those  who  supposed  it  to 
have  been  produced  by  the  violent  action  of  a  sudden  and  transient 
deluge,  but  the  term  drift  has  been  substituted  by  those  who  reject  this 
hypothesis.  Here,  as  elsewhere,  it  consists  for  the  most  part  of  clay, 
loam,  and  sand,  in  part  stratified,  in  part  devoid  of  stratification.  Peb- 
bles, together  with  some  large  boulders  of  granite,  porphyry,  green- 
stone, lias,  chalk,  and  other  transported  rocks,  are  interspersed,  especially 
through  the  till.  That  some  of  the  granitic  and  other  fragments  came 
from  Scandinavia  I  have  no  doubt,  after  having  myself  traced  the  course 
of  the  continuous  stream  of  blocks  from  Norway  and  Sweden  to  Den- 
mark, and  across  the  Elbe,  through  Westphalia,  to  the  borders  of  Hol- 
land. We  need  not  be  surprised  to  find  them  reappear  on  our  eastern 
coast,  between  the  Tweed  and  the  Thames,  regions  not  half  so  remote 
from  parts  of  Norway  as  are  many  Russian  erratics  from  the  sources 
whence  they  came. 

White  chalk  rubble,  unmixed  with  foreign  matter,  and  even  huge 
fr^igments  of  solid  chalk,  also  occur  in  many  localities  in  these  Norfolk 
di^.  No  fossils  have  been  detected  in  this  drift,  which  can  positively 
b^  referred  to  the  era  of  its  accumulation  ;  but  at  some  points  it  overliei 
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m  freshwater  formation  containing  recent  shells,  and  at  others  it  is 
blended  with  the  same  in  such  a  manner  as  to  force  us  to  conclude  that 
both  were  contemporaneously  deposited. 

Fig.  111. 


The  shaded  portion  consists  of  Freshwater  beds. 
Intercalatton  of  fireshwater  beds  and  of  boulder  clajr  and  sand  at  Mondeslef. 

This  interstratification  is  expressed  in  the  annexed  figure,  the  dark 
mass  indicating  the  position  of  the  freshwater  beds,  which  contain  much 
vegetable  matter,  and  are  divided  into  thin  layers.  The  imbedded  shells 
belong  to  the  genera  Planorhis^  Lymnea^  Paludina^  Unio^  Cyclas^  and 
others,  all  of  British  species,  except  a  minute  Paludina  now  inhabiting 
France.     (See  fig.  112.) 

Fig.  119. 


Paludiiut  marginala^  Michaad.    (P.  mintUa^  Strickicnd.) 
The  middle  figure  is  of  the  natural  sixe. 

The  Cyclas  (fig.  113)  is  merely  a  remarkable  variety  of  the  common 
English  species.    The  scales  and  teeth  of  fish  of  the  genera  Pike,  Perch, 

Fig.iia. 


O 


Oyclaa  {PiHdiwn)  amniea^  var.  ? 
The  two  middle  flgnres  are  of  the  natural  size. 

Roach^  and  others,  accompany  these  shells  ;  but  the  species  are  not  con- 
sidered by  M.  Agassiz  to  be  identical  with  known  British  or  European 
kinds. 

The  series  of  formations  in  the  cliffs  of  eastern  Norfolk,  now  under 
consideration,  beginning  with  the  lowest,  is  as  follows : — First,  chalk  ; 
secondly,  patches  of  a  marine  tertiary  formation,  called  the  Norwich 
Crag,  hereafter  to  be  described ;  thirdly,  the  freshwater  beds  already 
mentioned ;  and  lastly,  the  drift.  Immediately  above  the  chalk,  or  crag, 
when  that  is  present,  is  found  here  and  there  a  buried  forest,  or  a  stra- 
tum in  which  the  stools  and  roots  of  trees  stand  in  their  natural  position. 
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the  trunks  having  been  broken  short  off  and  imbedded  with 
branches  and  leaves.  It  is  very  remarkable  that  the  strata  of  the  over- 
lying boulder  formation  have  often  undergone  great  derangement  at 
points  where  the  subjacent  forest-bed  and  chalk  remain  undisturbed. 
There  are  also  cases  where  the  upper  portion  of  the  boulder  deposit  has 
been  greatly  deranged,  while  the  lower  beds  of  the  same  have  continued 
horizontal.     Thus  the  annexed  section  (fig.  114)  represents  a  diff  about 


Fig.  114 


OrsTtl 


Cliff  00  feet  high  between  Bacton  Qap  and  MnndMlej. 

50  feet  high,  at  the  bottom  of  which  is  tilly  or  unstratified  day,  contain- 
ing boulders  having  an  even  horizontal  surface,  on  which  repose  con- 
formably beds  of  laminated  clay  and  sand  about  5  feet  thick,  which,  in 
their  turn,  are  succeeded  by  vertical,  bent,  and  contorted  layers  of  sand 
and  loam  20  feet  thick,  the  whole  being  covered  by  flint  gravel.  Now 
the  curves  of  the  variously  colored  beds  of  loose  sand,  loam,  and  pebbles 
are  so  complicated  that  not  only  may  we  sometimes  find  portions  of 
them  which  maintain  their  verticality  to  a  height  of  10  or  15  feet,  but 
they  have  also  been  folded  upon  themselves  in  such  a  manner  that  con- 
tinuous layers  might  be  thrice  pierced  in  one  perpendicular  borii^. 

At  some  points  there  is  an  apparent  folding  of  the  beds  round  a  cen- 
tral nucleus,  as  at  a,  fig  115,  where  the  strata  seem  bent  round  a  small 


Fl|^ll& 


Fig.  lift. 


Folding  of  the  strata  be*;wecn  East 
and  West  Ronton. 


Section  of  concentric  beds  west  of  CYomcr. 

1.  Bine  clay.  a  Tellow  Sand. 

S.  White  sand.  4.  Striped  loam  and  daj. 

6.  Laminated  blao  claj. 


maaa  of  dialk ;  or,  as  in  fig.  116,  where  the  blue  day.  No.  1,  is  in  the 
centre ;  and  where  the  other  strata,  2,  3,  4,  5,  are  coUed  round  it ;  the 


Ok  XL]  MASSES  OF  CHALE  IK  DRIFT.  129 

«otira  HUM  being  20  feet  in  perpendicular  height  This  appearance  of 
ooocentric  amngeaient  tuound  a  nucleus  is,  neverthelesH,  delusive,  being 
produced  by  the  inteiseclion  of  beds  bent  into  a  convex  sluipe ;  and 
that  which  gaana  the  nucleus  being,  in  fact,  the  innermoet  bed  of  the 
aerice,  which  has  become  partially  visible  by  t'le  removal  of  the  protu- 
bentnt  portions  of  the  outer  layers. 

To  the  north  of  Cromer  are  other  fine  illustiations  of  contorted  drifl 
reposing  on  a  floor  of  chalk  horizontally  stratified  and  having  a  level 
surface.  These  phenomena,  in  tbemsclves  sufficiently  difficult  of  explana- 
tion, are  rendered  atill  more  anomalous  by  the  occasional  inclosure  in 
the  drift  of  huge  fragments  of  chalk  many  yards  in  diameter.  One 
strikiDg  instance  occurs  west  of  Sherringham,  where  an  enormous  pin- 
nacle of  chalk,  between  70  and  80  feet  in  height,  is  flanked  on  both 
ndes  by  vertical  layers  of  loam,  clay,  and  gravel.  (Fig.  IIT.) 
Fig.  in. 


IndndaaplniiHlEor  cbalkit  OliIHrtbtpolnl.  wHtorShnrlngbuiL 

d.  Clialk  wFih  Tegvlu  liitn  of  chulk  BlnU. 

e.  Io;«'ciltiri'-lbiipin,''af  Iwjw  chilk.  aiDli,  ud  mvllie  >hellaor  neant 

ipRlcs,  nmnMil  bj  oild*  of  ItDU. 

Thia  chalky  frf^ment  is  only  one  of  many  detached  masses  which 
have  been  included  in  the  drift,  and  forced  along  with  it  into  th«i 
present  position.  The  level  surface  of  tlie  chalk  in  nlu  (d)  may  be 
traced  for  miles  along  the  coast,  where  it  has  escaped  the  violent  move- 
ments to  which  the  incumbent  drift  has  been  ex,  ^sed.* 

We  are  called  upon,  then,  to  explain  how  any  force  can  have  been 
exerted  against  the  upper  masses,  so  as  to  produce  movements  in  which 
the  subjacent  strata  have  not  participated.  It  may  be  answered  that,  if 
we  conceive  the  lilt  and  its  boulders  to  have  been  drifted  to  their  present 
place  by  ice,  the  lateral  pressure  may  have  been  supplied  by  the  straod- 
ng  of  ice-islands.  We  learn,  from  the  observations  of  Messra.  De-ise 
and  Simpson  in  the  polar  regions,  Uiat  such  islands,  when  they  run 
aground,  push  before  them  large  mounds  of  shingle  and  sand.  It  is 
therefore  probable  that  they  oflen  cause  great  alterations  in  the  orrenge- 

•  For  ■  full  account  of  the  drift  of  £ut  Norfolk,  *ee  a  paper  by  the  author, 
HuL  Mag.  No  104,  Ha;  lUO. 
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ment  of  pliant  and  incoherent  strata  forming  the  upper  part  of  shoals  or 
submerged  banks,  the  inferior  portions  of  the  same  remaining  unmoved. 
Or  many  of  the  complicated  curvatures  of  these  layers  of  loose  sand  and 
gravel  may  have  been  due  to  anotlier  cause,  the  melting  on  the  spot  of 
icebergs  and  coastrice  in  which  successive  deposits  of  pebbles,  sand,  ice, 
snow,  and  mud,  together  with  huge  masses  of  rock  fallen  from  cliflfe,  may 
have  become  interstratified.  Ice-islands  so  constituted  often  capsize  when 
afloat,  and  gravel  once  horizontal  may  have  assumed,  before  the  associa- 
ted ice  was  melted,  an  inclined  or  vertical  position.  The  packing  of  ice 
forced  up  on  a  coast  may  lead  to  similar  derangement  in  a  frozen  con- 
glomerate of  sand  or  shingle,  and,  as  Mr.  Trimmer  has  suggested,*  alter- 
nate Livers  of  earthy  matter  may  have  sunk  down  slowly  during  the 
liquefaction  of  the  intercalated  ice,  so  as  to  assume  the  most  fantastic 
and  anomalous  positions,  while  the  aqueous  strata  below,  and  those 
afterwards  thrown  down  above,  may  be  perfectly  horizontal. 

A  buried  forest  has  been  adverted  to  as  underlying  the  drift  on  the 
coast  of  Norfolk.  At  the  time  when  the  trees  grew,  there  must  have  been 
dry  land  over  a  largo  area,  which  was  afterwards  submerged,  so  as  to 
allow  a  mass  of  stratified  and  unstratified  drift,  200  feet  and  more  in 
thickness,  to  be  superimposed.  The  undermining  of  the  cliffs  by  the  sea 
in  modern  times  has  enabled  us  to  demonstrate,  beyond  all  doubt,  the 
fact  of  this  superposition,  and  that  the  forest  was  not  formed  along  the 
present  coast-line.  Its  situation  implies  a  sulisidence  of  several  hundred 
feet  since  the  commencement  of  the  drift  period,  after  which  there  must 
have  been  an  upheaval  of  the  same  ground ;  for  the  forest  bed  of  Nor- 
folk is  now  again  so  high  as  to  be  exposed  to  view  at  many  points  at  low 
vwater ;  and  this  same  upward  movement  jnay  explain  why  the  ^7/, 
^  which  is  conceived  to  have  been  of  submarine  origin,  is  now  met  with 
ffar  inland,  and  on  the  summit  of  hills. 

The  boulder  formation  of  the  west  of  England,  observed  in  Lanca- 

r»hire,  Cheshire,  Shropshire,  Staffordshire,  and  Worcestershire,  contains 

in  some  ^places  marine  shells  of  recent  species,  rising  to  various  heights, 

;ftom  100  to  350  feet  above  the  sea.   The  erratics  have  come  partly  from 

.Uie  mountains  of  Cumberland,  and  partly  from  those  of  Scotland. 

But  it  is  on  the  mountains  of  North  Wales  that  the  "  Northern  drift," 

,  with  its  char^teristic  marine  fossils,  reaches  its  greatest  altitude.     On 

Moel  Tr}'fane,  near  the  Menai  Straits,  Mr.  Trimmer  met  with  shells  of 

uthe  species  commonly  found  in  the  drift  at  the  height  of  1392  feet  above 

Jhe  level  of  the  sea. 

It  is  remarkable  that  in  the  same  neighborhood  where  tliere  is  evi- 
.jdence  of  so  great  a  submergence  of  the  land  during  part  of  the  glacial 
period,  webave  also  the  most  decisive  proofs  yet  discovered  in  the  British 
.Isks  of  sub-aerial. glaciers.  Dr.  Buckland  published  in  1842  his  reasoni^ 
ifor  believing. that  the  Snowdonian  mountains  in  Caernarvonshire  were 
iformerly  covered  with  glaciers,  which  radiated  from  the  central  heights 

•*  Quart  jQa]8i.,GeoL  Soc.  vol  vil  p.  22. 
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through  the  seven  principal  valleys  of  that  chain,  where  striae  and  f!u^ 
ings  are  seen  on  the  polished  rocks  directed  towards  as  many  different 
points  of  the  compass.  He  also  described  the  **  moraines*^  of  the  ancient 
glaciers,  and  tlie  rounded  ^  bosses*'  or  small  flattened  domes  of  polished 
rock,  such  as  the  action  of  moving  glaciers  is  known  to  produce  in 
Switzerland,  when  gravel,  sand,  and  boulders,  underlying  the  ice,  are 
ferced  along  over  a  foundation  of  hard  stone.  Mr.  Darwin,  and  subse- 
quently Prof.  Ramsay,  have  confirmed  iJr.  Buckland's  views  in  regard 
to  these  Welsh  glaciers.  Nor  indeed  was  it  to  be  expected  that  geolo- 
gists should  discover  proofe  of  icebergs  having  abounded  in  tlie  area 
now  occupied  by  the  British  Isles  in  the  Pleistocene  period  without 
sometimes  meeting  with  the  signs  of  contemporaneous  glaciers  which 
covered  hills  even  of  moderate  elevation  between  the  50th  and  60th 
degrees  of  latitude. 

In  Ireland  the  '*  drift"  exhibits  the  same  general  characters  and  fossil 
remains  as  in  Scotland  and  England ;  but  in  the  southern  part  of  that 
island,  Prof.  R  Forbes  and  Capt.  James  found  in  it  some  shells  which  show 
that  the  glacial  sea  communicated  with  one  inhabited  by  a  more  southern 
fauna.  Among  other  species  in  the  south,  they  mention  at  Wexford  and 
elsewhere  the  occurrence  oi  Nucula  CohholdicB  (see  fig.  120,  p.  149)  and 
Turritella  incrassafa  (a  crag  fossil) ;  also  a  southern  form  of  Fusus,  and 
a  Miira  allied  to  a  Spanish  species.* 


CHAPTER  XII. 


Difficulty  of  interpreting  the  phenomena  of  drift  before  the  glacial  hypothesis  was 
adopted — Effects  of  intense  cold  in  augmenting  the  quantity  of  alluvium — 
Analogy  of  erratics  and  scored  rocks  irf  North  America  and  Europe — Bayfield 
on  shells  in  drift  of  Canada — Great  subsidence  and  re-elevation  of  land  from 
the  sea,  required  to  account  for  glacial  appearances — Why  organic  remains  so 
rare  in  northern  drift — Mastodon  giganteus  in  United  States — Many  shells  and 
some  quadrupeds  survived  the  glacial  cold — Alps  an  independent  centre  of 
dispersion  of  erratics — Alpine  blocks  on  the  Jura — Whether  transported  by 
glaciers  or  floating  ice — Recent  transportation  of  erratics  from  the  Andes  to 
Chiloe — Meteorite  in  Asiatic  drift. 

It  will  appear  from  what  was  said  in  the  last  chapter  of  the  marine 
shells  characterizing  the  boulder  formation,  that  nine-tenths  or  more 
of  them  belong  to  species  still  living.  The  superficial  position  of  "  the 
drift"  is  in  perfect  accordance  with  its  imbedded  organic  remains,  leading 
us  to  refer  its  origin  to  a  modem  period.  If,  then,  we  encounter  so 
much  difficulty  in  the  interpretation  of  monuments  relating  to  times  so 
near  our  own — if  in  spite  of  their  recent  date  they  are  involved  in  so 
much  obscurity — the  student  may  ask,  not  without  reasonable  alarm, 
how  we  can  hope  to  decipher  the  records  of  remote  ages. 

*  Forbes,  Memoirs  of  GeoL  Survey  of  Great  Britain,  vol  I  p.  8*77. 
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To  reinovo  ^m  the  mind  as  far  as  possible  this  natural  feeling  of 
discouragement,  I  shall  endeavor  in  this  chapter  to  prove  that  what 
seems  most  strikingly  anomalous,  in  the  *'  erratic  formation,''  as  some 
call  it,  is  really  the  result  of  that  glacial  action  which  has  already  been 
alluded  to.  If  so,  it  was  to  be  expected  that  so  long  as  the  true  origin 
of  BO  singular  a  deposit  remained  undiscovered,  erroneous  theories  and 
terms  would  be  invented  in  the  effort  to  solve  the  problem.  These 
inventions  would  inevitably  retard  the  reception  of  more  correct  views 
which  a  wider  field  of  observation  might  afterwards  suggest. 

The  term  "  diluvium"  was  for  a  time  the  popular  name  of  the  boulder 
formation,  because  it  was  referred  by  some  geologists  to  the  deluge. 
Others  retained  the  name  as  expressive  of  their  opinion  that  a  series 
of  diluvial  waves  raised  by  hurricanes  and  storms,  or  by  earthquakes,  or 
by  the  sudden  upheaval  of  land  from  the  bed  of  the  sea,  had  swept  over 
the  continents,  carrying  with  them  vast  masses  of  mud  and  heavy 
stones,  and  forcing  these  stones  over  rocky  surfaces  so  as  to  polish  and 
imprint  upon  them  long  furrows  and  striae. 

But  no  explanation  was  offered  why  such  agency  should  have  been 
developed  more  energetically  in  modem  times  than  at  former  periods  of 
the  earth's  history,  or  why  it  should  be  displayed  in  its  fullest  intensity 
in  northern  latitudes ;  for  it  is  important  to  insist  on  the  fact,  that  the 
boulder  formation  is  a  northern  phenomenon.  Even  the  southern  ex- 
tension of  the  drift,  or  the  large  erratics  found  in  the  Alps  and  the 
surrounding  lands,  especially  their  occurrence  round  the  highest  parts  of 
the  chain,  offers  such  an  exception  to  the  general  rule  as  confirms  the 
glacial  hjrpothesis ;  for  it  shows  that  the  transportation  of  stony  frag- 
ments to  great  distances,  and  the  striation,  polishing,  and  grooving  of 
solid  floors  of  rock,  are  here  again  intimately  connected  with  accumula- 
tions of  perennial  snow  and  ice. 

That  there  is  some  intimate  connection  between  a  cold  or  northern 
climate  and  the  various  geological  appearances  now  commonly  called 
glacial,  cannot  be  doubted  by  any  one  who  has  compared  the  countries 
bordering  the  Baltic  with  those  surrounding  the  Mediterranean.  The 
smoothing  and  striation  of  rocks,  and  the  erratics,  are  traced  from  the 
sea-shore  to  the  height  of  3000  feet  above  the  level  of  the  Baltic,  whereas 
such  phenomena  are  wholly  wanting  in  countries  bordering  the  Mediter- 
ranean ;  and  their  absence  is  still  more  marked  in  the  equatorial  parts  of 
Asia,  Africa,  and  America ;  but  when  we  cross  the  southern  tropic,  and 
reach  Chili  and  Patagonia,  we  again  encounter  the  boulder  formation, 
between  the  latitude  41  o  S.  and  Cape  Ilom,  with  precisely  the  same 
characters  which  it  assumes  in  Europe.  The  evidence  as  to  climate 
derived  from  the  organic  remains  of  the  drift  is,  as  we  have  seen,  in 
perfect  harmony  with  the  conclusions  above  alluded  to,  the  former  habits 
of  the  species  of  molluscs  being  accurately  ascertainable,  inasmuch  as 
they  belong  to  species  still  living,  and  known  to  have  at  present  a  wide 
range  in  northern  seas. 

But  if  we  are  correct  in  assuming  that  the  northern  hemisphere  was 
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conaiderablj  colder  than  now  during  the  period  under  consideration, 
Qwing  probably  to  the  greater  area  and  height  of  arctic  lands,  and  to  the 
quantity  of  icebergs  which  such  a  geographical  state  of  things  would 
generate,  it  may  be  well  to  reflect  before  we  proceed  farther  on  the  en- 
tire modification  which  extreme  cold  would  produce  in  the  operation  of 
those  causes  spoken  of  in  the  sixth  chapter  as  most  active  in  the  forma- 
tion of  alluvium.  A  large  part  of  the  materials  derived  from  the  detritus 
of  rocks,  which  in  warm  climates  would  go  to  form  deltas,  or  would  be 
regularly  stratified  by  marine  currents,  would,  under  arctic  influences, 
assume  a  superficial  and  alluvial  character.  Instead  of  mud  being  carried 
farther  from  a  coast  than  sand,  and  sand  farther  out  than  pebbles, — in- 
stead of  dense  stratified  masses  being  heaped  up  in  limited  areas, — nearly 
the  whole  materials,  whether  coarse  or  fine,  would  be  conveyed  by  ice  to 
equal  distances,  and  huge  fragments,  which  water  alone  could  never 
move,  would  be  borne  for  hundreds  of  miles  without  having  tlieir  edges 
worn  or  fractured ;  and  the  earthy  and  stony  masses,  when  melted  out 
of  the  frozen  rafts,  would  be  scattered  at  random  over  the  sub-marine 
bottom,  whether  on  mountain  tops  or  in  low  plains,  with  scarcely  any 
relation  to  the  inequalities  of  the  ground,  settling  on  the  crests  or 
ridges  of  hills  in  tranquil  water  as  readily  as  in  valleys  and  ravines. 
Occasionally,  in  those  deep  and  uninhabited  parts  of  the  ocean,  never 
reached  by  any  but  the  finest  sediment  in  a  normal  state  of  things,  the 
bottom  would  become  densely  overspread  by  gravel,  mud,  and  boulders. 

In  the  Western  Hemisphere,  l)oth  in  Canada  and  as  far  south  as  the 
40th  and  even  38th  parallel  of  latitude  in  the  United  States,  we  meet 
with  a  repetition  of  all  the  peculiarities  which  distinguish  the  European 
boulder  formation.  Fragments  of  rock  have  travelled  for  great  distances 
from  north  to  south;  the  surface  of  the  subjacent  rock  is  smoothed, 
striated,  and  fluted ;  unstratified  mud  or  till  containing  boulders  is  asso- 
ciated with  strata  of  loam,  sand,  and  clay,  usually  devoid  of  fossils. 
Where  shells  are  present,  they  are  of  species  still  living  in  northern  seas, 
and  half  of  them  identical  with  those  already  enumerated  as  belonging 
to  European  drift  10  degrees  of  latitude  farther  north.  The  fauna  also  of 
the  glacial  epoch  in  North  America  is  less  rich  in  species  than  that  now 
inhabiting  the  adjacent  sea,  whether  in  the  Gulf  of  St.  Lawrence,  or  off 
the  shores  of  Maine,  or  in  the  Bay  of  Massachusetts.  At  the  southern 
extremity  of  its  course,  moreover,  it  presents  an  analogy  with  the  drift  of 
the  south  of  Ireland,  by  blending  with  a  more  southern  fauna,  as  for 
example  at  Brooklyn  near  New  York,  in  lat  41°  N.,  where,  according 
to  MM.  Redfield  and  Desor,  Venus  mercenaria  and  other  southern  species 
of  shells  b^n  to  occur  as  fossils  in  the  drift. 

The  extension  on  the  American  continent  of  the  range  of  erratics 
during  the  Pleistocene  period  to  lower  latitudes  than  they  reached  in 
Europe,  agrees  well  with  the  present  southward  deflection  of  the  isother- 
mal lines,  or  rather  the  lines  of  equal  winter  temperature.  Formerly,  as 
now,  a  more  extreme  climate  and  a  more  abundant  supply  of  floating  ice 
prevailed  on  the  western  side  of  the  Atlantic 


134 


DRIFT  SHELLS  IN  CANADA. 


[Ck.  xn. 


Another  resemblance  between  the  distribution  of  the  drift  fossils  in 
Europe  and  North  America  has  yet  to  be  pointed  out.  In  Norway, 
Sweden,  and  Scotland,  as  in  Canada  and  the  United  States,  the  marine 
shells  are  confined  to  very  moderate  elevations  above  the  sea  (between 
100  and  TOO  feet),  while  the  erratic  blocks  and  the  grooved  and  pol- 
ished surfaces  of  rock  extend  to  elevations  of  several  thousand  feet. 

I  described  in  1839  the  fossil  shells  collected  by  Captain  Bayfield 
from  strata  of  drift  at  Beauport,  ne^r  Quebec,  in  lat.  47^,  and  drew 
from  them  the  inference  that  they  indicated  a  more  northern  climate, 
the  shells  agreeing  in  groat  part  with  those  of  Uddevalla  in  Sweden.* 
The  shelly  beds  attain  at  Heauport  and  the  neighborhood  a  height  of 
200,  300,  and  sometimes  400  feet  above  the  sea,  and  dispersed  through 
some  of  them  are  large  boulders  of  granite,  which  could  not  have  been 
propelled  by  a  violent  current,  because  the  accompanying  fragile  sheUs 
are  almost  all  entire.  They  seem,  therefore,  said  Captain  Bayfield, 
writing  in  1838,  to  have  been  dropped  down  from  melting  ice,  like 
similar  stones  which  are  now  annually  deposited  in  the  St  Lawrence.f 
I  visited  this  locality  in  1842,  and  made  the  annexed  section,  fig.  118, 


Fig.  118. 


B 


K.  Mr.  Byland's  honse. 

A.  Clay  and  sand  of  higher  grounds,  with 

iStfflricova.  Ac 
g.  Gravel  with  boulders. 
/    Mass  of  iSdor/oarartfi/Ma,  12  feet  thick. 
c  Sand  and  loam  with  Mya  truneata, 

Scalaria  Orcfnlandica^  Ac 


d.  Drift,  with  bonlders  of  syenite,  &c. 

c.  Yellow  sand. 

b.  Laminated  clay,  25  feet  thick. 

A.  Horizontal  lower  Stlorian  strata. 

B.  Valley  re>ezcavated. 


which  will  give  an  idea  of  the  general  |X)sitioii  of  the  drift  in  Canada 
and  the  United  States.  I  imagine  that  the  whole  of  the  valley  B  was 
once  filled  up  with  die  beds  6,  c,  rf,  f,  /,  which  were  deposited  during  a 
period  of  subsidence,  and  that  subsequently  the  higher  country  (A)  was 
submerged  and  overspread  with  drift.  The  partial  re-excavation  of  B 
took  place  when  this  region  was  again  uplifted  above  the  sea  to  its 
present  height  Among  the  twenty-three  species  of  fossil  shells  collected 
by  me  from  these  beds  at  Beauport,  all  were  of  recent  northern  species, 
except  one,  which  is  unknown  as  living,  and  may  be  extinct  (see  fig. 
119).  I  also  examined  the  same  formation  farther  up  the  valley  of  the 
St  Lawrence,  in  the  suburbs  of  Montreal,  where  some  of  the  beds  of 
loam  are  filled  with  great  numbers  of  the  Mytilus  edulii,  or  our  commoc 
European  mussel,  retaining  both  its  valves  and  purple  color.  This  shelly 
deposit,  containing  Saxicava  rugosa  and  other  characteristic  marine  shdls, 

♦  Geol  Trana.  2d  series,  vol  vi.  p.  136.    Mr.  Smith  of  Jordanhill  had  arrived  at 
tiroilar  conclusions  as  to  climate  from  the  shells  of  the  Scotch  Pleistocene  deposits 
f  Prooeedin^  of  GeoL  Soc.  Na  68,  p.  119. 
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Flfc  119. 


a 

A9tarU  Laureniiana. 
a.  Ootsido.  t.  Inside  of  right  valve.  c.  Inside  of  left  valva 

also  occurs  at  an  elevated  point  on  the  mountain  of  Montreal,  450  feet 
above  the  level  of  the  sea.* 

Tn  my  account  of  Canada  and  the  United  States,  published  in  1846, 
I  announced  the  conclusion  to  which  I  had  then  arrived,  that  to  explain 
the  position  of  the  erratics  and  the  polished  surfaces  of  rocks,  and  their 
strise  and  flutings,  we  must  assume  first  a  gradual  submergence  of  the 
land  in  North  America,  after  it  had  acquired  its  present  outline  of  hill 
and  valley,  cliff  and  ravine,  and  then  its  re-emergence  from  the  ocean. 
When  the  land  was  slowly  sinking,  the  sea  which  bordered  it  was  covered 
with  islands  of  floating  ice  coming  from  the  north,  which,  as  they 
grounded  on  the  coast  and  on  shoals,  pushed  along  such  loose  materials 
of  sand  and  pebbles  as  lay  sti'ewed  over  the  bottom.  By  this  force  all 
angidar  and  projecting  points  were  broken  off,  and  fragments  of  hard 
stone,  frozen  into  the  lower  surface  of  the  ice,  had  power  to  scoop  out 
grooves  in  the  subjacent  solid  rock.  The  sloping  beach,  as  well  as  the 
floor  of  the  ocean,  might  be  polished  and  scored  by  this  machinery ;  but 
no  flood  of  water,  however  violent,  or  however  great  the  quantity  of  de- 
tritas  or  size  of  the  rocky  fragments  swept  along  by  it,  could  produce 
siich  long,  perfectly  straight  and  parallel  furrows,  as  are  everywhere  visi- 
ble in  the  Niagara  district,  and  generally  in  the  region  north  of  the  40th 
parallel  of  latitude.f 

By  the  hypothesis  of  such  a  slow  and  gradual  subsidence  of  the  land 
we  may  account  for  the  fact  that  almost  everywhere  in  N.  America  and 
Northern  Europe  the  boulder  formation  rests  on  a  polished  and  furrowed 
surface  of  rock, — a  fact  by  no  means  obliging  us  to  imagine,  as  some 
think,  that  the  polishing  and  grooving  action  was,  as  a  whole,  anterior  in 
date  to  the  transportation  of  the  erratics.  During  the  successive  depres- 
sion of  high  land,  varying  originally  in  height  from  1000  to  3000  feet 
above  the  sea-level,  every  portion  of  the  surface  would  be  brought  down 
by  turns  to  the  level  of  the  ocean,  so  as  to  be  converted  first  into  a  coai ' 
line,  and  then  into  a  shoal ;  and  at  length,  after  being  well  scored  by  the 
stranding  upon  it  of  thousands  of  icebergs,  might  be  sunk  to  a  depth  of 
aereral  hundred  fathoms.  By  the  constant  depression  of  land,  the  coast 
would  recede  farther  and  farther  from  the  successively  formed  zones  of 
polished  and  striated  rock,  each  outer  zone  becoming  in  its  turn  so  deep 
under  water  as  to  be  no  longer  grated  upon  by  the  heaviest  icebergs. 
Such  sunken  areas  would  then  simply  serve  as  receptacles  of  mud,  sand, 
and  boulders  dropped  from  melting  ice,  perhaps  to  a  depth  scarcely,  if  at 

*  TraveU  in  N.  America,  vol  ii.  p.  141.  f  Ibid,  p  99,  chap,  xix 
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all,  inhabited  by  testacea  and  zoophytes.  Meanwhile,  during  the  forma- 
tion  of  the  unstratified  and  unfossiliferous  mass  in  deeper  water,  the 
smoothing  and  furrowing  of  shoals  and  beaches  is  still  going  on  else- 
where upon  and  near  the  coast  in  fiill  activity.  If  at  length  the  sub- 
sidence should  cease,  and  the  direction  of  the  movement  of  the  earth's 
crust  be  reversed,  the  sunken  area  covered  with  drift  would  be  slowly 
reconverted  into  land.  The  boulder  deposit,  before  emerging,  would  then 
for  a  time  be  brought  within  the  action  of  the  waves,  tides,  and  currently 
so  that  its  upper  portion,  being  partially  disturbed,  would  have  its  mate- 
rials rearranged  and  stratified.  Streams  also  flowing  from  the  land 
would  in  some  places  throw  down  layers  of  sediment  upon  the  till.  In 
that  case,  the  order  of  superposition  will  be,  first  and  uppermost,  sand, 
loam,  and  gravel  occasionally  fossiliferous ;  secondly,  an  unstratified  and 
unfossiliferous  mass,  for  the  most  part  of  much  older  date  than  tlie  pre- 
ceding, with  angular  erratics,  or  witl)  boulders  interspersed ;  and,  thirdly, 
beneath  the  whole,  a  surface  of  polished  and  furrowed  rock.  Such  a 
succession  of  events  seems  to  have  prevailed  very  widely  on  both  sides 
of  the  Atlantic,  the  travelled  blocks  having  been  carried  in  general  from 
the  North  Pole  southwards,  but  mountain  chains  having  in  some  cases 
served  a.s  independent  centres  of  dispersion,  of  which  the  Alps  present 
the  most  conspicuous  example. 

It  is  by  no  meaas  rare  to  meet  with  boulders  imbedded  in  drift  which 
are  worn  flat  on  one  or  more  of  their  sides,  the  surface  being  at  the  same 
time  polished,  furrowed,  and  striated.  Tliey  may  have  been  so  shaped 
in  a  glacier  before  they  reached  the  sea,  or  when  they  were  fixed  in  the 
bottom  of  an  iceberg  as  it  ran  aground.  We  learn  from  Mr.  Charles 
Martins  that  the  glaciers  of  Spitzbergen  project  from  the  coast  into  a  sea 
between  100  and  400  feet  deep ;  and  that  numbers  of  striated  pebbles 
or  blocks  are  there  seen  to  disengage  themselves  from  the  overhanging 
masses  of  ice  as  they  melt,  so  as  to  fall  at  once  into  deep  water.* 

That  they  should  retain  such  markings  when  again  upraised  above  the 
sea  ought  not  to  surprise  us,  when  we  remember  that  rippled  sands,  and 
the  cracks  in  clay  dried  between  high  and  low  water,  and  the  foot-tracks 
of  animals  and  rain-drops  impressed  on  mud,  and  other  superficial 
markings,  are  all  found  fossil  in  rocks  of  various  ages. 

On  the  other  hand,  it  is  not  difficult  to  account  for  the  absence  in 
many  districts  of  striated  and  scored  pebbles  and  boulders  in  glacial 
deposits,  for  they  may  have  been  exposed  to  the  action  of  the  waves  <m 
a  coast  while  it  was  sinking  beneath  or  rising  above  the  sea.  No  shingle 
on  an  ordinary  sea-beach  exhibits  such  striae,  and  at  a  very  short  distance 
from  the  termination  of  a  glacier  every  stone  in  the  bed  of  the  torroit 
which  gushes  out  from  the  melting  ice  is  found  to  have  lost  its  glacial 
markings  by  being  rolled  for  a  distance  even  of  a  few  hundred  yards. 

The  usual  dearUi  of  fossil  shells  in  glacial  clays  well  fitted  to  presenre 
organic  remains  may,  perhaps,  be  owing,  as  already  hinted,  to  the 

*  Bulletin  Soc.  G^  de  France,  torn,  iv  2de  a^r.  p.  1121. 
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abaenoe  of  testaoea  in  the  deep  sea,  where  the  undisturbed  accumulation 
of  boulders  melted  out  of  very  large  bergs  may  take  place.  In  the 
JSg^ean  and  other  parts  of  the  Mediterranean,  the  zero  of  animal  life, 
aooording  to  Prof.  E.  Forbes,  is  approached  at  a  depth  of  about  300 
fisithoms.  In  tropical  seas  it  would  descend  iarther  down,  just  as  vegeta- 
tion ascends  higher  on  the  mountains  of  hot  countries.  Near  the  pole, 
on  the  other  hand,  the  same  zero  would  be  reached  much  sooner  both 
on  the  hills  and  in  the  sea.  If  the  ocean  was  filled  with  floating  bergs, 
and  a  low  temperature  prevailed  in  the  northern  hemisphere  during  the 
glacial  i)€riod,  even  the  shallow  part  of  the  sea  might  have  been  unin- 
habitable, or  very  thinly  peopled  with  living  beings.  It  may  also  be 
remarked  that  the  melting  of  ice  in  some  fiords  in  Norway  freshens  the 
irater  so  as  to  destroy  marine  life,  and  famines  have  been  caused  in  Ice- 
land by  the  stranding  of  icebergs  drifted  from  the  Greenland  coast, 
which  have  required  several  years  to  melt,  and  have  not  only  injured  tlie 
hay  harvest  by  cooling  the  atmosphere,  but  have  driven  away  the  fish 
from  the  shore  by  chilling  and  freshening  the  sea. 

If  the  cold  of  the  glacial  epoch  came  on  slowly,  if  it  was  long  before 
it  reached  its  greatest  intensity,  and  again  if  it  abated  gradually,  we  may 
expect  to  find  the  earliest  and  latest  formed  drift  less  barren  of  organic 
remains  than  that  deposited  during  the  coldest  period.  We  may  also 
expect  that  along  the  southern  limits  of  the  drift  during  the  whole  gla- 
cial epoch,  there  would  be  an  intimate  association  of  transported  matter 
of  northern  origin  with  fossil-bearing  sediment,  whether  marine  or  fresh- 
water, belonging  to  more  southern  seiis,  rivers,  and  continents. 

That  in  the  United  States,  the  Mastodon  (/if/anteun  was  very  abundant 
after  the  drift  period  is  evident  from  the  fact  that  entire  skeletons  of  this 
animal  are  met  with  in  bogs  and  lacustrine  deposits  occupying  hollows 
in  the  drift.  They  sometimes  occur  in  the  bott<^)m  even  of  small  ponds 
recently  drained  by  the  agriculturist  for  the  sake  of  the  shell  marl.  I  ex- 
amined one  of  these  spots  at  Geneseo  in  the  state  of  New  York,  from 
which  the  bones,  skull,  and  tusk  of  a  Mastodon  had  been  procured  in 
the  marl  below  a  layer  of  black  peaty  earth,  and  ascertained  that  all  the 
associated  freshwater  and  land  shells  were  of  a  species  now  common  in 
the  same  district.  They  consisted  of  several  species  of  Lymnea^  of  Pla- 
morbis  biearinatiiSj  Physa  keterostropka,  &c. 

In  1845  no  less  than  six  skeletons  of  the  same  species  of  Mastodon 
were  found  in  Warren  county.  New  Jersey,  6  feet  below  the  surface,  by 
m  farmer  who  was  digging  out  the  rich  mud  from  a  small  pond  which 
he  bad  drained.  Five  of  these  skeletons  were  lying  together,  and  a  large 
pari  of  the  bones  crumbled  to  pieces  as  soon  as  they  were  exposed  to  the 
air.  But  nearly  the  whole  of  the  other  skeleton,  which  lay  about  10 
feet  apart  from  the  rest,  was  preserved  entire,  and  proved  the  correctness 
of  Cuvier's  conjecture  respecting  this  extinct  animal,  namely,  that  it 
had  twenty  ribs  like  the  living  elephant  From  the  clay  in  the  interior 
within  the  ribs,  just  where  the  contents  of  the  stomach  might  naturally 
have  been  looked  for,  seven  bushels  of  vegetable  matter  were  extracted. 
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I  submitted  some  of  this  matter  to  Mr.  A.  Henfrey,  of  LondoOy  for 
microscopic  examiuation,  and  he  informs  me  that  it  consists  of  pieces  of 
small  twigs  of  a  coniferous  tree  of  the  Cypress  family,  probably  the  young 
shoots  of  the  white  cedar,  Thuja  occidentalism  still  a  native  of  NorUi 
America,  on  which  therefore  we  may  conclude  that  this  extinct  Mastodon 
once  fed. 

Another  specimen  of  the  same  quadruped,  the  most  complete  and 
probably  the  largest  ever  found,  was  exhumed  in  1845  in  the  town  oi 
Newburg,  New  York,  the  length  of  the  skeleton  being  25  feet,  and  its 
height  12  feet.  The  anchylosing  of  the  last  two  ribs  on  the  right  side 
afforded  Dr.  John  C.  Warren  a  true  gauge  for  the  space  occupied  by  the 
intervertebrate  substance,  so  as  to  enable  him  to  form  a  correct  estimate 
of  the  entire  length.  The  tusks  when  discovered  were  10  feet  long,  but 
a  part  only  could  be  preserved.  The  large  proportion  of  animal  matter 
in  the  tusk,  teeth,  and  bones  of  some  of  these  fossil  mammalia  is  truly 
astonishing.  It  amounts  in  some  cases,  as  Dr.  C.  T.  Jackson  has  ascer- 
tained by  analysis,  to  27  per  cent.,  so  that  when  all  the  earthy  ingre- 
dients are  removed  by  acids,  the  foi-m  of  the  bone  remains  as  perfect, 
and  the  mass  of  animal  matter  is  almost  as  firm,  as  in  a  recent  bone 
subjected  to  similar  treatment 

It  would  be  rash,  however  to  infer  from  such  data  that  these  quadru- 
peds were  mired  in  modem  times,  unless  we  use  that  term  strictly  in  a 
geological  sense.  I  have  shown  that  there  is  a  fluviatile  deposit  in  the 
valley  of  the  Niagara,  containing  shells  of  the  genera  Melania^  Lymma^ 
Planorhi.%  Valvata,  Cyclas,  Unio,  and  Helix,  <fec.,  all  of  recent  species^ 
from  which  the  bones  of  the  great  Mastodon  have  been  taken  in  a  very 
perfect  state.  Yet  the  whole  excavation  of  tlie  ravine,  for  many  miles 
below  the  Falls,  has  been  slowly  effected  since  that  fluviatile  deposit  was 
thrown  down. 

Whether  or  not,  in  assigning  a  period  of  more  than  30,000  years  for 
the  recession  of  tlie  Falls  from  Queenstown  to  their  present  site,  I  have 
over  or  under  estimated  the  time  required  for  that  operation,  no  one  can 
doubt  that  a  vast  number  of  centuries  must  have  elapsed  before  so  great 
a  series  of  geographical  changes  were  brought  about  as  have  occurred 
since  the  entombment  of  this  elephantine  quadruped.  The  freshwater 
gravel  which  incloses  it  is  decidedly  of  much  more  modem  origin  than 
the  drift  or  boulder  clay  of  the  same  region.* 

Other  extinct  animals  accompany  the  Mastodon  giganteus  in  the  post- 
glacial deposits  of  the  United  States,  among  which  the  CastoroideB  ohi- 
oenais,  Foster  and  Wyman,  a  huge  rodent  allied  to  the  beaver,  and  the 
Capyhara  may  be  mentioned.  But  whether  the  "loess,"  and  other 
freshwater  and  marine  strata  of  the  Southern  States,  in  which  skeletons 
of  the  same  Mastodon  are  mingled  with  the  bones  of  the  Megatherium, 
Mylodon,  and  Megalon}Tc,  were  contemporaneous  with  the  drift,  or  were 
of  subsequent  date,  is  a  chronological  question  still  open  to  discussion, 

*  See  Travels  in  N.  America,  voL  I  chap,  il 
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II  appettiB  dear,  however,  from  what  we  know  of  the  tertiaiy  fossils  of 
Eniop^— and  I  bdieve  the  same  will  hold  true  in  North  America — thai 
many  species  of  testacea  and  some  mammalia,  which  existed  prior  to  the 
glacial  epoch,  survived  that  era.  As  European  examples  among  the  warm- 
hlooded  quadrupeds,  the  EUphas  primigenius  and  Rhinoceros  tichorinus 
may  be  mentioned.  As  to  the  shells,  whether  freshwater,  terrestrial,  or 
marine,  they  need  not  be  enumerated  here,  as  allusion  will  be  made  to 
them  in  the  sequel,  when  the  pliocene  tertiary  fossils  of  Suffolk  are 
deseribed.  The  fact  is  important,  as  refuting  the  hypothesis  that  the 
cold  of  the  glacial  period  was  so  intense  and  universal  as  to  annihilate 
all  living  creatures  throughout  the  globe. 

That  the  cold  was  greater  for  a  time  than  it  is  now  in  certain  parts  of 
Siberia,  Europe,  and  North  America,  will  not  be  disputed ;  but,  before 
we  can  infer  the  universality  of  a  colder  climate,  we  must  ascertain  what 
was  the  condition  of  other  parts  of  the  northern,  and  of  the  whole  south - 
em,  hemisphere  at  the  time  when  the  Scandinavian,  British,  and  Alpine 
erratics  were  transported  into  their  present  position.  It  must  not  be  for- 
gotten that  a  great  deposit  of  drift  and  erratic  blocks  is  now  in  full  pro- 
gress of  formation  in  the  southern  hemisphere,  in  a  zone  corresponding 
in  latitude  to  the  Baltic,  and  to  Northern  Italy,  Switzerland,  France,  and 
England.  Should  tlie  uneven  bed  of  the  southern  ocean  be  hereafter 
converted  by  upheaval  into  land,  the  hills  and  valleys  will  be  strewed 
over  with  transported  fragments,  some  derived  from  the  antarctic  conti- 
nent, others  from  islands  covered  with  glaciers,  like  South  Georgia,  which 
must  now  be  centres  of  the  dispersion  of  drift,  although  situated  in 
a  latitude,  agreeing  with  that  of  the  Cumberland  mountains  in  Eng- 
land. 

Not  only  are  these  operations  going  on  between  the  45tli  and  60th 
parallels  of  latitude  south  of  the  line,  while  the  corresponding  zone  of 
Europe  is  free  from  ice ;  but,  what  is  still  more  worthy  of  remark,  we 
find  in  the  southern  hemisphere  itself,  only  900  miles  distant  from  South 
GeoTgia,  where  the  perpetual  snow  reaches  to  the  sea-beach,  lands  covered 
with  forests,  as  in  Terra  del  Fuego.  There  is  here  no  difference  of  lati- 
tude to  account  for  the  luxuriance  of  vegetation  in  one  spot,  and  the 
absolute  want  of  it  in  the  other ;  but  among  other  refrigerating  causes 
in  South  Georgia  may  be  enumerated  the  countless  icebergs  which  float 
from  the  antarctic  zone,  and  which  chill,  as  they  melt,  the  waters  of  the 
ocean,  and  the  surrounding  air,  which  they  fill  with  dense  fogs. 

I  have  endeavored  in  the  "  Principles  of  Geology,"  chapters  7  and  8, 
to  poiut  out  the  intimate  connection  of  climate  and  the  physical  geogra- 
phy of  the  globe,  and  the  dependence  of  the  mean  annular  temperature, 
not  only  on  the  height  of  the  dry  land,  but  on  its  distribution  in  high 
or  low  latitudes  at  particular  epochs.  If,  for  example,  at  certain  periods 
of  the  past,  the  antarctic  land  was  less  elevated  and  less  extensive  than 
now,  while  that  at  the  north  pole  was  higher  and  more  continuous,  the 
conditions  of  the  northern  and  southern  hemispheres  might  have  been 
the  reverse  of  what  we  now  witness  in  regard  to  climate,  altliough  the 
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mountains  of  Scandinavi^i,  Scotland,  and  Switzerland,  may  have  been 
less  elevated  than  at  present  But  if  in  both  of  the  polar  regions  i 
considerable  area  of  elevated  dry  land  existed,  such  a  concurrence  of  ro- 
frigerating  conditions  in  both  hemispheres  might  have  created  for  a  time 
an  intensity  of  cold  never  experienced  since ;  and  such  probably  was  the 
state  of  things  during  that  period  of  submergence  to  which  I  have 
alluded  in  this  chapter. 

Alpine  erratics. — Although  the  arctic  regions  constitute  the  great 
centre  from  which  erratics  have  travelled  southwards  in  all  directions  in 
Europe  and  North  America,  yet  there  are  some  mountains,  as  I  have 
already  stated,  like  those  of  North  Wales  and  the  Alps,  w^hich  have 
served  as  separate  and  independent  centres  for  the  dispersion  of  blocks. 
In  illustration  of  this  fact,  the  Alps  deserve  particular  attention,  not  only 
from  their  magnitude,  but  because  they  lie  beyond  the  ordinary  limits  ot 
the  "northern  drift"  of  Europe,  being  situated  between  the  44th  and 
47th  degrees  of  north  latitude.  On  the  flanks  of  these  mountains,  and 
on  the  Subalpine  ranges  of  hills  or  plains  adjoining  them,  those  appear- 
ances which  have  been  so  often  alluded  to,  as  distinguishing  or  accom- 
panying the  drift,  between  the  50th  and  70th  parallels  of  north  latitude^ 
suddenly  reappear,  to  assume  in  a  more  southern  country  their  mott 
exaggerated  form.  Where  the  Alps  are  highest,  the  largest  erratic  blocks 
have  been  sent  forth,  as,  for  example,  from  the  regions  of  Mont  Blanc 
and  Monte  Rosa,  into  the  adjoining  parts  of  France,  Switzerland,  Austria, 
and  Italy,  while  in  districts  where  the  great  chain  sinks  in  altitude,  as 
in  Carinthia,  Camiola,  and  elsewhere,  no  such  rocky  fragments,  or  a 
few  only,  and  of  smaller  bulk,  have  been  detached  and  transported  to  a 
distance. 

In  the  year  1821,  M.  Venetz  first  announced  his  opinion  that  the 
Alpine  glaciers  must  formerly  have  extended  far  beyond  their  present 
limits,  and  the  proofs  appealed  to  by  him  in  confirmation  of  this  doctrine 
were  afterwards  acknowledged  by  M.  Charpentier,  who  strengthened 
them  by  new  observations  and  arguments,  and  declared,  in  1 836,  his 
conviction  that  the  glaciers  of  the  Alps  must  once  have  reached  as  &r 
as  the  Jura,  and  have  carried  thither  their  moraines  across  the  great 
valley  of  Switzerland.  M.  Agassiz,  after  several  excursions  in  the  Alps 
with  M.  Charpentier,  and  after  devoting  himself  some  years  to  the  study 
of  glaciers,  published,  in  1840,  an  admirable  description  of  them,  and 
of  the  marks  which  attest  the  former  action  of  great  masses  of  ice  over 
the  entire  surface  of  the  Alps  and  the  surrounding  country.*  He  pointed 
out  that  the  surface  of  every  large  glacier  is  strewed  over  with  gravd 
and  stones  detached  from  the  surrounding  precipices  by  frost,  rain,  lig^t* 
ning,  or  avalanches.  And  he  described  more  carefully  than  preceding 
writers  the  long  lines  of  these  stones,  which  settle  on  the  sides  of  the 
glacier,  and  are  called  the  lateral  moraines ;  those  found  at  the  lower 
end  of  the  ice  being  called  terminal  moraines.     Such  heaps  of  earth  and 

*  Agaauz,  Etudes  tor  les  01acier& 
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bcMildeis  every  glacier  pushes  before  it  when  advancing,  and  leaves 
behind  it  when  retreating.  When  the  Alpine  glacier  reaches  a  lower 
and  wanner  situation,  about  3000  or  4000  feet  above  the  sea,  it  melts 
ao  rapidly  that,  in  spite  of  the  downward  movement  of  the  mass,  it  can 
advance  no  farther.  Its  precise  limits  are  variable  from  year  to  year, 
amd  still  more  so  from  century  to  century ;  one  example  being  on  record 
of  a  recession  of  half  a  mile  in  a  single  year.  We  also  learn  from  M. 
Venetz,  that  whereas,  between  the  eleventh  and  fifteenth  centuries,  all 
the  Alpine  glaciers  were  less  advanced  than  now,  they  began  in  the 
aeventeenth  and  eighteenth  centuries  to  push  forward  so  as  to  cover 
roads  formerly  open,  and  to  overwhelm  forests  of  ancient  growth. 

These  oscillations  enable  the  geologist  to  note  the  marks  which  they 
leave  behind  them  as  they  retrograde,  and  among  these  the  most  promi- 
nent, as  before  stated,  are  the  terminal  moraines,  or  mounds  of  unstrati- 
fied  earth  and  stones,  often  divided  by  subsequent  floods  into  hillocks, 
which  cross  the  valley  like  ancient  earth-works,  or  embankments  made 
to  dam  up  the  river.  Some  of  these  transverse  barriers  were  formerly 
pointed  out  by  Saussure  below  the  glacier  of  the  Rhone,  as  proving  how 
fiir  it  had  once  transgressed  its  present  boundaries.  On  these  moraines  we 
see  many  large  angular  fragments,  which,  having  been  carried  along  on  the 
mufAce  of  the  ice,  have  not  had  their  edges  worn  off"  by  friction  ;  but  the 
greater  number  of  the  boulders,  even  those  of  large  size,  have  been  well 
lounded,  not  by  the  power  of  water,  but  by  the  mechanical  force  of  the 
ioe,  which  has  pushed  them  against  each  other,  or  against  the  rocks 
flanking  the  valley.  Otliers  have  fallen  down  the  numerous  fissures 
which  intersect  the  glacier,  where,  being  subject  to  the  pressure  of  the 
whole  mass  of  ice,  they  have  been  forced  along,  and  either  well 
rounded  or  ground  down  into  sand,  or  even  the  finest  mud,  of  which 
the  moraine  is  largely  constituted. 

As  the  terminal  moraines  are  the  most  prominent  of  all  the  monu- 
ments left  by  a  receding  glacier,  so  are  they  the  most  liable  to  oblitera- 
tion ;  for  violent  floods  or  debacles  are  oft^n  occasioned  in  the  Alps  by 
the  sudden  bursting  of  what  are  called  glacier-lakes.  These  temporary 
sheets  of  water  are  caused  by  the  damning  up  of  a  river  by  a  glacier 
which  has  increased  during  a  succession  of  cold  seasons,  and  descending 
from  a  tributary  into  the  main  valley,  has  crossed  it  from  side  to  side. 
On  the  failure  of  this  icy  barrier,  the  accumulated  waters  are  let  loose, 
which  sweep  away  and  level  all  transverse  mounds  of  gravel  and  loose 
boulders  below,  and  spread  their  materials  in  confused  and  irregular  beds 
over  the  river-plain. 

Another  mark  of  the  former  action  of  glaciers,  in  situations  where 
they  exist  no  longer,  is  the.  polished,  striated,  and  grooved  surfaces  of 
rocks  already  alluded  to.  Stones  which  lie  underneath  the  glacier  and 
are  pushed  along  by  it,  sometimes  adhere  to  the  ice,  and  as  the  mass 
glides  slowly  along  at  the  rate  of  a  few  inches,  or  at  the  utmost,  two  or 
three  feet,  per  day,  abrade,  groove,  and  polish  the  rock,  and  the  larger 
blocks  are  reciprocally  grooved  and  polished  by  the  rock  on  their  lower 
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sides.  As  the  forces  both  of  pressure  and  propulsion  are  enorraooa,  th« 
sand,  acting  like  emer}',  polishes  the  surface ;  the  pebblefj,  like  coone 
gravers,  scratch  and  furrow  it ;  and  the  large  stones  scoop  out  groo?eB 
in  it.  Another  effect  also  of  this  action,  not  yet  advert^  to,  is  called 
"  roches  moutonnees."  Projecting  eminences  of  rock  are  smoothed  and 
worn  into  the  shape  of  flattened  domes,  where  the  glaciers  have  pasted 
over  them. 

Although  the  surface  of  almost  every  kind  of  rock,  when  exposed  in 
the  open  air,  wastes  away  by  decomposition,  yet  some  retain  for  ages 
their  polished  and  furrowed  exterior ;  and,  if  they  are  well  protected  by 
a  covering  of  clay  or  turf,  these  marks  of  abrasion  seem  capable  of 
enduring  forever.  They  have  been  traced  in  the  AJps  to  great  heists 
above  the  present  glaciers,  and  to  great  horizontal  distances  beyond 
them. 

There  are  also  found,  on  the  sides  of  the  Swiss  valleys,  round  and 
deep  holes,  with  polished  sides,  such  holes  as  waterfalls  make  in  the 
solid  rock,  but  in  places  remote  from  running  waters,  and  where  the  form 
of  the  surface  will  not  permit  us  to  suppose  that  any  cascade  could  ev« 
have  existed.  Similar  ciivities  are  common  in  hard  rocks,  such  as  gneiss, 
in  Sweden,  where  they  are  called  ffiant  caldrons,  and  are  sometimes  10 
feet  and  more  in  depth ;  but  in  the  Alps  and  Jura  they  often  pass  into 
spoon-shaped  excavations  and  prolonged  gutters.  We  learn  from  M. 
Agassiz  that  hollows  of  this  form  are  now  cut  out  by  streams  of  water, 
which  flow  along  the  surface  of  glaciers,  and  then  fall  into  Assures  wUch 
are  open  to  the  bottom.  Here,  forming  a  cascade,  the  stream  cuts  a 
round  cavity  in  the  rock  with  the  gravel  and  sand,  which  it  either  finds 
there  or  carries  down  with  it,  and  cjiuses  to  rotate ;  and,  as  it  usually 
happens  that  the  glacier  is  advancing,  a  locomotive  cascade  is  produced, 
which  converts  the  first  circular  hole  into  a  deep  groove. 

Another  effect  of  a  glacier  is  to  lodge  a  ring  of  stones  round  the  sum- 
mit of  a  conical  peak  which  may  happen  to  project  through  the  ice.  If 
the  glacier  is  lowered  greatly  by  melting,  these  circles  of  large  angular 
fragments,  which  are  called  "  perched  blocks,"  are  left  in  a  singular  situa- 
tion near  the  top  of  a  steep  hill  or  pinnacle,  the  lower  parts  of  which 
may  be  destitute  of  boulders. 

Alpine  blocks  on  (he  Jura. — Now  some  or  all  the  marks  above  enu- 
merated,— the  moraines,  erratics,  polished  surfaces,  domes,  striae,  cal- 
drons, and  perched  rooks,  are  observed  in  the  Alps  at  great  heights 
above  the  present  glaciers,  and  far  below  their  actual  exti-emities ;  abo 
in  the  great  valley  of  Switzerland,  50  miles  broad ;  and  almost  every- 
where on  the  Jura,  a  chain  whicli  lies  to  the  north  of  this  valley.  The 
average  height  of  the  Jura  is  about  one-third  that  of  the  Alps,  and  is 
now  entirely  destitute  of  glaciers,  yet  it  presents  almost  everywhere 
similar  moraines,  and  the  same  polished  and  grooved  surfaces,  and  water- 
worn  cavities.  The  erratics,  moreover,  which  cover  it,  present  a  phenom- 
enon which  has  astonished  and  perplexed  the  geologist  for  more  tlian 
half  a  century.     No  conclusion  can  be  more  inoontestible  than  that  these 
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angular  blocks  of  granite,  gneiss,  and  other  crystalline  formations,  came 
Irom  the  Alps,  and  that  they  have  been  brought  for  a  distance  of  50 
miles  and  upwards  across  one  of  the  T^-idest  and  deepest  valleys  of  the 
world,  so  that  they  are  now  lodged  on  the  hills  and  valleys  of  a  chain 
oomposod  of  limestone  and  other  formations,  altogether  distinct  from 
Uioee  of  the  Alps.  Their  great  size  and  angularity,  after  a  journey  of  so 
many  leagues,  has  justly  excited  wonder;  for  hundreds  of  them  are  as 
large  as  cottages ;  and  one  in  particular,  celebrated  under  the  name  of 
Pierre  a  Bot,  rests  on  the  side  of  a  hill  about  900  feet  above  the  lake 
of  Neufchatel,  and  is  no  less  than  40  feet  in  diameter. 

It  will  be  remarked  that  these  blocks  on  the  Jura  offer  an  exception 
to  the  rule  before  laid  down,  as  applicable  in  general  to  errjitics,  since 
they  have  gone  from  south  to  north.  Some  of  the  largest  masses  of 
granite  and  gneiss  have  been  found  to  contain  50,000  and  60,000  cubic 
feet  of  stone,  and  one  limestone  block  near  Devens,  which  lias  travelled 
30  miles,  contains  161 ,000  cubic  feet,  its  angles  being  sharp  and  unworn.* 

Von  Buch,  Escher,  and  Studer  have  shown,  from  an  examination  of 
the  mineral  composition  of  the  boulders,  that  those  on  the  western  Jura, 
near  Neufchatel,  have  come  from  the  region  of  Mont  IManc  and  the 
Valais ;  those  on  the  middle  parts  of  the  Jura  from  the  Bernese  Ober- 
land ;  and  those  on  the  eastern  Jura  from  the  Alps  of  the  small  cantons, 
Glaris,  Schwytz,  Uri,  and  Zug.  The  blocks,  therefore,  of  these  three 
great  districts  have  been  derived  from  parts  of  the  Alps  nearest  to  the 
localities  in  the  Jura  where  we  now  find  them,  as  if  they  had  crossed 
the  great  valley  in  a  direction  at  right  angles  to  its  length :  the  most 
western  stream  having  followed  the  course  of  the  Rhone ;  the  central, 
that  of  the  Aar ;  and  the  eastern,  that  of  the  two  great  rivers,  Reuss 
and  Limmat  The  non-intennixture  of  these  groups  of  travelled  frag- 
ments, except  near  their  confines,  was  always  regarded  as  most  enig- 
matical by  those  who  adopted  the  opinion  of  Saussure,  that  they  were 
all  whirled  along  by  a  rapid  current  of  muddy  water  rushing  from  the 
Alps. 

M.  Charpentier  first  suggested,  as  before  mentioned,  that  the' Swiss 
glaciers  once  reached  continuously  to  the  Jura,  and  conveyed  to  them 
these  erratics;  but  at  the  same  time  he  conceived  that  the  Alps  were 
formerly  higher  than  now.  M.  Agassiz,  on  the  other  hand,  instead  of 
introducing  distinct  and  separate  glaciers,  imagines  that  the  whole  valley 
of  Switzerland  was  filled  with  ice,  and  that  one  great  sheet  of  it  ex- 
tended from  the  Alps  to  the  Jura,  when  the  two  chains  were  of  the  same 
height  as  now  relatively  to  each  other.  Such  an  hypothesis  labors  under 
tliis  difficulty,  that  the  difference  of  altitude,  when  distributed  over  a  space 
of  50  miles,  gives  an  inclination  of  no  more  than  two  degrees,  or  far  less 
than  that  of  any  known  glaciers.  It  has,  however,  since  received  the  able 
support  of  Professor  James  Forbes,  in  his  excellent  work  on  the  Alps, 
published  in  1843. 

*  Archiac,  Hist,  des  Progrto,  Ac  vol  il  p.  249. 
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In  the  theory  which  I  formerly  advanced,  jointly  with  Mr.  Darwin,* 
it  was  suggested  that  the  erratics  may  have  been  transferred  by  floating 
ice  to  the  Jura,  at  the  time  when  the  greater  part  of  that  chain,  and  the 
whole  of  the  Swiss  valley  to  the  south,  was  under  the  sea.  At  thai 
period  the  Alps  may  have  attained  only  half  their  present  altitude^  and 
may  yet  have  constituted  a  chain  as  lofty  as  the  Chilian  Andes,  which, 
in  a  latitude  corresponding  to  Switzerland,  now  send  down  glaciers  to 
the  head  of  every  sound,  from  which  icebergs,  covered  with  blocks  of 
granite,  are  floated  seaward.f  Opposite  that  part  of  Chili  where  the 
glaciers  abound  is  situated  the  island  of  Chiloe,  100  miles  in  length,  with 
a  breadtli  of  30  miles,  running  parallel  to  the  continent  The  channel 
which  separates  it  from  the  main  land  is  of  considerable  depth,  and  26 
miles  broad.  Parts  of  its  surface,  like  the  adjacent  coast  of  Chili,  are 
overspread  with  recent  marine  shells,  showing  an  upheaval  of  the  land 
during  a  very  modem  period;  and  beneath  these  shells  is  a  boulder 
deposit,  in  which  Mr.  Darwin  found  large  travelled  blocks.  One  group 
of  fragments  were  of  granite,  which  had  evidently  come  from  the  Andes, 
while  in  another  place  angular  blocks  of  syenite  were  met  with.  Their 
arrangement  may  have  been  due  to  successive  crops  of  icebergs  issuing 
from  different  sounds,  to  the  heads  of  which  glaciers  descend  from  the 
Andes.  These  icebergs,  taking  their  departure  year  after  year  from 
distinct  points,  may  have  been  stranded  repeatedly,  in  equally  distinct 
groups,  in  bays  or  creeks  of  Chiloe,  and  on  islets  off  the  coast,  so  as 
afterwards  to  appear,  some  on  hills  and  others  in  valleys,  when  that 
country  and  the  bed  of  the  adjacent  sea  had  been  upheaved.  A  contin- 
uance in  future  of  the  clevatory  movement,  in  the  region  of  the  Andes 
and  of  Chiloe,  might  cause  the  former  chain  to  rival  the  Alps  in  altitude, 
and  give  to  Chiloe  a  height  equal  to  that  of  the  Jura.  The  same  rise 
might  dry  up  the  channel  between  Chiloe  and  the  main  land,  so  that  it 
would  then  represent  the  great  valley  of  Switzerland.  In  the  course  of 
these  changes,  all  parts  of  Chiloe  and  the  intervening  strait,  having  in 
their  turn  been  a  sea-shore,  may  have  been  polished  and  scratched  by 
coast-ice,  and  by  innumerable  icebergs  running  aground  and  grating  on 
the  bottom. 

If  we  apply  this  hypothesis  to  Switzerland  and  the  Jura,  we  are  by  no 
means  precluded  from  the  supposition  that,  in  proportion  as  the  land 
acquired  additional  height,  and  the  bed  of  the  sea  emerged,  the  Jura 
itself  may  have  had  its  glaciers ;  and  those  existing  in  the  Alps,  which 
had  at  first  extended  to  the  sea,  may,  during  some  part  of  the  period  of 
upheaval,  have  been  prolonged  much  farther  into  the  valleys  than  now. 
At  a  later  period,  when  the  climate  grew  milder,  these  glaciers  may  have 
entirely  disappeared  from  the  Jura,  and  may  liave  receded  in  the  Alps 
to  their  present  limits,  leaving  behind  them  in  both  districts  those 
moraines  which  now  attest  the  former  extension  of  the  ice.  J 

*  See  Elements  of  Geology,  2d  ed.  1841.  f  Darwin*8  Jonmal,  p.  28S. 

X  More  recently  Sir  R.  Murchison,  having  revisited  the  Alps,  has  decUred  his 


Ob.  XIL]  MSTEORITES  IN  DRIFT.  146 

Meteorites  in  drift, — Before  concluding  my  remarks  on  the  northern 
drift  of  the  Old  World,  I  shall  refer  to  a  fact  recently  announced,  the 
disoovery  of  a  meteoric  stone  at  a  great  depth  in  the  alluvium  of  North- 
em  Asia. 

Erman,  in  his  Archives  of  Russia  for  1841  (p.  314),  cites  a  very  cir- 
cumstantial account  drawn  up  by  a  Russian  miner  of  the  finding  of  a 
mass  of  meteoric  iron  in  the  auriferous  allu>num  of  the  Alt^ii.  Some 
small  fragments  of  native  iron  were  first  met  with  in  the  gold-washings 
of  Petropawlowsker  in  the  Mrassker  Circle ;  but  though  they  attracted 
attention,  it  was  supposed  that  they  must  have  been  broken  off  from  the 
toob  of  the  workmen.  At  length,  at  the  depth  of  31  feet  5  inclies  from 
the  surface,  they  dug  out  a  piece  of  iron  weighing  17^  pounds,  of  a 
steel-gray  color,  somewhat  harder  than  ordinary  iron,  and,  on  analyzing 
it,  found  it  to  consist  of  native  iron,  with  a  small  proportion  of  nickel,  as 
usual  in  meteoric  stones.  It  was  buried  in  the  bottom  of  the  deposit 
where  the  gravel  rested  on  a  flaggy  limestone.  Much  brown  iron  ore, 
as  well  as  gold,  occurs  in  the  sand  gravel,  which  apjx'ars  to  be  part  of 
that  extensive  auriferous  formation  in  which  the  bones  of  the  mammoth, 
the  Rhinoceros  tichorhinus,  and  other  extinct  quadrupeds  abound.  No 
sufficient  data  are  supplied  to  enable  us  to  determine  whether  it  be  of 
Post-Pliocene  or  Newer  Pliocene  date. 

We  ought  not,  I  think,  to  feel  surprise  that  we  have  not  hitherto 
succeeded  in  detecting  the  signs  of  such  aerolites  in  older  rocks,  for, 
besides  their  rarity  in  our  own  days,  those  which  fell  into  the  sea  (and  it 
is  with  marine  strata  that  geologists  have  usually  to  deal),  being  chiefly 
composed  of  native  iron,  would  rapidly  enter  into  new  chemical  combi- 
nations, the  water  and  mud  being  charged  with  chloride  of  sodium  and 
other  salts.  We  find  that  anchors,  cannon,  and  other  cast-iron  imple- 
ments which  have  been  buried  for  a  few  hundred  years  off  our  English 
coast  have  decomposed  in  part  or  entirely,  turning  the  sand  and  gravel 
which  inclosed  them  into  a  conglomerate,  cemented  together  by  oxide  of* 
iron.  In  like  manner  meteoric  iron,  although  its  rusting  would  be  some- 
what checked  by  the  alloy  of  nickel,  could  scarcely  ever  fail  to  decompose 
in  the  course  of  thousands  of  years,  becoming  oxide,  sulphuret,  or  car- 
bonate of  iron,  and  its  origin  being  then  no  longer  distinguishable.  The 
greater  the  antiquity  of  rocks, — the  oflener  they  have  been  heated  and 
cooled,  permeated  by  gases  or  by  the  waters  of  the  sea,  the  atmosphere 
or  mineral  springs, — Uie  smaller  must  be  the  chance  of  meeting  with  a 
mass  of  native  iron  unaltered;  but  the  preservation  of  the  ancient 
meteorite  of  the  Altai,  and  the  presence  of  nickel  in  tliese  curious  bodies, 
renders  the  recognition  of  them  in  deposits  of  remote  periods  less  hope- 
less than  we  might  have  anticipated. 

opinion  that  **  the  great  granitic  blocks  of  Mont  Blanc  were  translated  to  the  Jura, 
when  the  intermediate  country  was  under  water.** — Paper  read  to  Geol  So&. 
Loodoo,  May  80, 1849. 

10 
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CHAPTER  Xm. 

NEWER   PUOCENE    STRATA    AND    CAVERN    DEPOSITS. 

Chronological  classification  of  PleistoccDe  formations,  why  difficult — Freshwater 
deposits  in  valley  of  Thames — In  Norfolk  cliffs — In  Patagonia — CoraparatiTe 
longevity  of  species  in  the  mammalia  and  testacea — Fluvio-marine  crag  of 
Norwich — Newer  Pliocene  strata  of  Sicily — Limestone  of  great  thickness  and 
elevation — Alternation  of  marine  and  volcanic  formations — Proofs  of  slow  aeon- 
mulation — Great  geographical  changes  in  Sicily  since  the  living  fauna  and  flora 
began  to  exist — Osseous  breccias  and  cavern  deposits — Sicily — Kirkdale — 
Origin  of  stalactite — Australian  cave- breccias — Geographical  relationship  of  the 
provinces  of  living  vertebrata  and  those  of  the  fossil  species  of  the  Pliocene 
periods — Extinct  stnithious  birds  of  New  Zealand — Teeth  of  fossil  quadrupeda 

Having  in  tlie  last  chapter  treated  of  the  boulder  formation  and  its 
associated  freshwater  and  marine  strata  as  belonging  chiefly  to  the  close 
of  the  Newer  Pliocene  period,  we  may  now  proceed  to  otlier  deposits  of 
the  same  or  nearly  the  same  age.  It  should,  however,  be  stated  that  it 
is  diflScult  to  draw  the  line  of  separation  between  these  modern  forma- 
tions, especially  when  we  are  called  upon  to  compare  deposits  of  marine 
and  freshwater  origin,  or  these  again  with  the  ossiferous  contents  of 
caverns. 

If  as  often  as  the  carcasses  of  quadrupeds  were  buried  in  alluvium 
during  floods,  or  mired  in  swamps,  or  imbedded  in  lacustrine  strata,  a 
stream  of  hiva  liad  descended  and  preserved  the  alluvial  or  freshwater 
deposits,  as  frequently  happened  in  Auvergne  (see  above,  p.  80),  keeping 
them  free  from  intennixture  with  strata  sul)sequently  formed,  then  indeed 
the  tiisk  of  arranging  chronologic^illy  the  whole  series  of  mammaliferous 
formations  might  have  been  easy,  even  though  many  species  were 
common  to  several  successive  groups.  But  when  there  have  been 
oscillations  in  the  levels  of  the  land,  accompanied  by  the  widening  and 
•deepening  of  valleys  at  more  than  one  period, — when  the  same  surface 
-has  sometimes  been  submerged  beneath  the  sea,  after  supporting  forests 
and  land  quadrupeds,  and  then  raised  again,  and  subject  during  each 
change  of  level  to  sedimentary  deposition  and  partial  denudation, — and 
when  the  drifting  of  ice  by  marine  currents  or  by  rivers,  during  an  epoch 
of  intense  cold,  has  for  a  season  interfered  with  the  ordinary  mode  of 
^ansport,  or  witli  the  geographical  range  of  species,  we  caimot  hope 
speedily  to  extricate  ourselves  from  the  confusion  in  which  the  classifica- 
tion of  these  Pleistocene  formations  is  involved. 

At  several  points  in  the  valley  of  the  Thames,  remnants  of  ancient 
fluviatile  deposits  occur,  which  may  differ  considerably  in  age,  although 
the  imbedded  land  and  freshwater  shells  in  each  are  of  recent  speciet. 
At  Brentford,  for  example,  the  bones  of  the  Siberian  Mammoth,  or 
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EUphas  prinUgenius,  and  the  Rhinoceros  tickorkinus^  both  of  thera  quad- 
rupeds of  which  the  flesh  and  hair  have  been  found  preserved  in  tlie 
frozen  soil  of  Siberia,  occur  abundantly,  with  the  bones  of  an  hip|)opot- 
araus^  aurochs,  shortrhomed  ox,  red  deer,  reindeer,  and  great  cave-tiger 
or  lion.*  A  similar  group  hiis  been  found  fossil  at  Maidstone,  in  Kent, 
uid  other  places,  agreeing  in  general  specifically  with  the  fossil  bones 
detected  in  the  caverns  of  England.  When  we  see  the  existing  reindeer 
and  an  extinct  hippopotamus  in  the  same  fluviatile  loam,  we  are  tempted 
to  indulge  our  imaginations  in  speculating  on  the  climatal  conditions 
which  could  have  enabled  these  genera  to  coexist  in  the  same  region. 
Wherever  there  is  a  continuity  of  land  from  polar  to  temperate  and  equa- 
torial regions,  there  will  always  be  points  where  the  southern  limit  of  an 
arctic  species  meets  the  northern  range  of  a  southern  species ;  and  if  one 
or  both  have  migratory  habits,  like  the  Bengal  tiger,  the  American  bison, 
the  musk  ox,  and  others,  they  may  each  j>enetrate  mutually  far  into  the 
Teepective  provinces  of  the  other.  There  may  also  have  been  several 
oscillations  of  temperature  during  the  periods  which  immediately  pre- 
ceded and  followed  the  more  intense  cold  of  the  glacial  epoch. 

The  strata  bordering  the  left  bank  of  the  Thames  at  Grays  Thurrock, 
in  Essex,  are  probably  of  older  date  than  those  of  l^rentford,  although 
the  associated  land  and  freshwater  shells  are  nearly  all,  if  not  all,  identi- 
cal with  species  now  living.  Three  of  the  shells,  however,  are  no  longer 
inhabitants  of  Great  Britain;  namely,  Paludina  m<irginata  (fig.  112,  p. 
127),  now  living  in  France;  Unio  Uttoralis  (fig.  29,  p.  28),  now  inhab- 
iting the  Loire;  and  Cyrena  consobrina  (fig.  26,  p.  28).  The  last- 
mentioned  fossil  (a  recent  Eg}^ptian  shell  of  the  Nile)  is  very  abundant 
at  Grays,  and  deserves  notice,  because  the  genus  Cyrena  is  now  no  longer 
European. 

The  rhinoceros  occurring  in  the  same  beds  (/?.  leptorhinus,  see  ^g, 
131,  p.  160),  is  of  a  diflferent  species  from  that  of  Brentford  above  men- 
tioned, and  the  accompanying  elephant  belongs  to  the  variety  called 
Elepkas  meridionalis^  which,  according  to  MM.  Owen  and  H.  von  Meyer, 
two  high  authorities,  is  the  same  species  as  the  Siberian  mammoth, 
although  some  naturalists  regard  it  as  distinct  With  the  above  mam- 
malia is  also  found  the  Hippopotamus  major^  and  what  is  most  remark- 
able in  so  modern  and  northern  a  deposit,  a  monkey,  called  by  Owen 
Macacus  pliocenus. 

The  submerged  forest  already  alluded  to  (p.  130)  as  underlying  the 
drift  at  the  base  of  the  clifls  of  Norfolk  is  associated  with  a  bed  of  lignite 
and  loam,  in  which  a  great  number  of  fossil  bones  occur,  apparently  of 
the  same  group  as  that  of  Grays,  just  mentioned.  It  has  sometimes 
been  called  "  the  Elephant  bed."  One  portion  of  it,  which  stretches  out 
under  the  sea  at  Happisburgh,  was  overgrown  in  1820  by  a  bank  of 
recent  oysters,  and  there  the  fishermen  dredged  up,  according  to  Wood- 
ward, in  the  course  of  thirteen  years,  together  with  the  oysters,  above 

*  Morris,  OeoL  Soc  Proceed.  1849. 
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2000  mammoths'  grinders.*'  Another  portion  of  the  same  oontinuoiii 
stratum  has  yielded  at  Bacton,  Cromer,  and  other  places  on  the  coast, 
the  bones  of  a  gigantic  beaver  (Trogcniherium  Cuvitrii,  Fischer),  as  well 
as  the  ox,  horse,  and  deer,  and  both  species  of  rhinoceroB,  B.  iiehorhinus 
and  B.  leptorhinus. 

In  studying  these  and  various  other  similar  assemblages  of  fossils,  we 
have  a  good  exemplification  of  the  more  rapid  rate  at  which  the  maro- 
miferous  fauna,  as  compared  to  the  testaceous,  diverges  when  traced 
backwards  in  time  from  the  recent  type.  I  have  before  hinted,  that  the 
longevity  of  species  in  the  class  of  warm-blooded  quadrupeds  is  less 
great  than  in  that  of  the  mollusca,  the  latter  having  probably  more 
capacity  for  enduring  those  changes  of  climate  and  other  external  cir- 
cumstances which  take  plac«  in  the  course  of  ages  on  the  earth's  sur&ce. 
This  phenomenon  is  by  no  means  confined  to  Europe,  for  Mr.  Darwin 
found  at  Bahia  Blanca,  in  South  America,  lat  39°  S.,  near  the  northern 
confines  of  Patagonia,  fossil  remains  of  the  extinct  mammiferous  genera 
Megatherium,  Megalonyx,  Toxodon,  and  others,  associated  with  shells, 
almost  all  of  species  already  ascertained  to  be  still  living  in  the  contigu- 
ous sea  ;f  the  marine  mollusca,  as  well  as  those  of  rivers,  lakes,  or  the 
land,  having  died  out  more  slowly  than  the  terrestrial  mammalia. 

I  alluded  before  (p.  125)  to  certain  marine  strata  overlying  till  near 
Glasgow,  and  at  other  points  on  the  Clyde,  in  which  the  shells  are  for 
the  most  part  British,  with  an  intermixture  of  some  arctic  species; 
while  others,  about  a  tenth  of  the  whole,  are  supposed  to  be  extinct 
This  formation  may  also  be  called  Newer  Pliocene. 

Fluvuhinarine  crag  of  Norwich, — At  several  places  within  fivQ  miles 
of  Norwich,  on  both  banks  of  the  Yare,  beds  of  sand,  loam,  and  gravel, 
pro\incially  termed  "  crag,"  occur,  in  which  there  is  a  mixture  of  marine, 
land,  and  freshwater  shells,  with  ichthyolites  and  bones  of  mammalia. 
It  is  clear  that  these  beds  have  been  accumulated  at  the  bottom  of  the 
sea  near  the  mouth  of  a  river.  They  form  patches  of  variable  thickness, 
resting  on  white  chalk,  and  are  covered  by  a  dense  mass  of  stratified 
flint  gravel.  The  surface  of  the  chalk  is  often  perforated  to  the  depth  oi 
several  inches  by  the  Pholas  crlspata^  each  fossil  shell  still  remaining  at 
the  bottom  of  its  cylindrical  cavity,  now  filled  up  with  loose  sand  which 
has  fallen  from  the  incumbent  crag.  This  species  of  Pholas  still  exists 
and  drills  the  rocks  between  high  and  low  water  on  the  British  coast 
The  most  common  shells  of  these  strata,  such  as  Ficsus  striatuSy  Tur- 
ritella  terebra,  Cardium  edule,  and  Cyprina  islandica^  are  now  abundant 
in  the  British  seas ;  but  with  them  are  some  extinct  species,  such  as 
Nucula  Cohholdioc  (fig.  120)  and  Tellina  obliqua  (fig.  121).  'N'atica 
helicoides  (fig.  122)  is  an  example  of  a  species  forn  '»rly  known  only  as 
fossil,  but  which  has  now  been  found  living  in  our  seas. 

Among  the  accompanying  bones  of  mammalia  is  the  Mastodon 

♦  Woodward's  Geology  of  Norfolk. 
\  ZooL  of  Beagle,  part  1,  pp.  9,  111. 
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angutlideru*  {see  fig,  130),  n  portion  of  the  upper  jinvbone  witli  a  tooth 
having  been  found  by  Mr.  Wigliain  nt  Postwick,  near  Norwich.  As 
this  Bp«cies  has  also  been  found  in  the  Red  Crag,  both  at  Sutton  and  at 
Felixstow,  and  had  hitherto  been  regarded  as  chnructeriatic  of  formalions 
older  than  die  Pleiato<:ene,  it  may  possibly  have  been  washed  out  of  the 
Red  into  the  Norwich  Crag. 

Among  the  bones,  however,  respecting  the  authenticity  of  which  thero 
seems  no  doubt,  may  be  mentioned  those  of  the  elephant,  horse,  pig, 
deer,  and  tie  jaws  and  teeth  of  field  mice  (fig.  141).  I  have  seen  the 
tusk  of  an  elephant  from  Draraertun  near  Norwich,  to  whicli  many 
serpulK  were  attached,  showing  that  it  Itad  lain  for  some  time  at  the 
bottom  of  the  se*  of  the  Norwich  Crag. 

At  Thorpe,  near  Aldborough,  and  at  Southwold,  in  Suffolk,  tliis  fluvio- 
marine  formation  is  well  exposed  in  the  sea-cliffn,  consisting  of  sand, 
shingle,  loam,  and  laminated  chiy.  Some  of  the  strata  there  bear  the 
marks  of  tranquil  deposition,  and  in  one  section  a  thickness  of  40  feet 
is  sometimes  exposed  to  view.  Some  of  tlie  lamelli-branchiato  sliells  have 
both  valves  united,  although  mixed  with  land  and  freshwater  tedLocea, 
and  with  the  bones  and  teeth  of  elephant,  rliinoceros,  horse,  and  deer. 
Captain  Alexander,  with  whom  I  examined  these  stralji  in  1835,  showed 
me  a  bed  rich  in  marine  shells,  in  which  he  had  found  u  large  s[H.>cimen 
of  the  futui  tlriatua,  filled  with  sand,  and  in  the  interior  of  which  was 
the  tooth  of  a  horse. 

Among  tJie  freshwater  shells  I  obtained  the  Cyrena  cotisobriaa  (fig.  26, 
p.  28),  before  mentioned,  supposed  to  agree  with  a  species  now  living  in 
the  Nile. 

I  formerly  classed  the  Norwich  Crag  as  older  Pliocene,  conceiving  that 
more  than  a  third  of  the  fossil  testacea  were  extinct ;  but  there  now 
teems  good  reason  for  believing  that  several  of  the  rarer  shells  obtained 
from  these  strata  do  not  really  belong  to  a  contemporary  fauna,  but  have 
been  washed  out  of  the  older  beds  of  the  "Red  Crag:"  while  other 
species,  once  supposed  to  have  died  out,  have  lately  been  met  with  living 
in  the  British  se.is.  According  to  Mr.  Scarles  Wood,  the  total  number 
of  marine  species  does  not  exceed  seventy-six,  of  which  one  tenth  only 
are  extinct  Of  the  fourteen  associated  freshwater  shells,  all  the  species 
appear  to  be  living.  Strata  containing  the  same  shells  as  those  near 
Norwich  have  been  found  by  Mr.  Bean,  at  Bridlington,  in  Yorkshire. 

*  Owen,  BriL  Fou.  Mamm.  271.    Miutedon  laiiyiroitrii,  Eaup,  Me  ibid. 
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Newer  Pliocene  Strata  of  Sicily, — In  no  part  of  Europe  are  the  Newei 
Pliocene  formations  seen  to  enter  so  largely  into  the  structure  of  the 
earth's  crust,  or  to  rise  to  such  heights  above  the  level  of  the  sea,  as  in 
Sicilj.  They  cover  nearly  half  the  island,  and  near  its  centre,  at  Cas- 
trogiovanni,  they  reach  an  elevation  of  3000  feet.  They  consist  princi- 
pally of  two  divisions,  the  ui)per  calcareous,  the  lower  argillaceous,  both 
of  which  may  be  seen  at  Syracuse,  Girgenti,  and  Castrogiovanni. 

According  to  Philippi,  to  whom  we  are  indebted  for  the  best  account 
of  the  tertiary  shells  of  this  island,  thirty -five  species  out  of  one  hundred 
and  twenty-four  obtained  from  the  beds  in  central  Sicily  are  extinct  Ot 
the  remainder,  which  still  live,  five  species  are  no  longer  inhabitants  of 
the  Mediterranean.  When  I  visited  Sicily  in  1828  I  estimated  the  pro- 
portion of  living  species  as  somewhat  greater,  partly  because  I  con- 
founded with  the  tertiary  formation  of  central  Sicily  the  strata  at  the 
base  of  Etna,  and  some  other  localities,  where  the  fossils  are  now  proved 
to  agree  entirely  with  the  present  Mediterranean  fauna. 

Philippi  came  to  the  conclusion,  that  in  Sicily  there  is  a  gradual  pas- 
sage from  beds  containing  70  per  cent  of  recent  shells,  to  tliose  in  which 
the  whole  of  the  fossils  are  identical  with  recent  si)ecies ;  but  his  tables 
appear  scarcely  to  bear  out  so  important  a  generalization,  several  of  the 
places  cited  by  him  in  confirmation  having  as  yet  furnished  no  more 
than  twenty  or  thirty  species  of  testacea.  The  Sicilian  beds  in  question 
probably  belong  to  about  the  same  period  as  the  Norwich  Crag,  althougli 
a  geologist,  accustomed  to  see  nearly  all  the  Pleistocene  formations  in 
the  north  of  Europe  occupying  low  grounds,  and  very  incoherent  in  tex- 
ture, is  naturally  surprised  to  behold  formations  of  the  same  age  so  solid 
and  stony,  of  such  thickness,  and  attaining  so  great  an  elevation  above 
the  level  of  the  sea. 

The  upper  or  calcareous  member  of  this  group  in  Sicily  consists  in 
some  places  of  a  yellowish-white  stone,  like  the  calcaire  grossier  of  Paris, 
in  others,  of  a  rock  nearly  as  compact  Jis  marble.  Its  aggregate  thick- 
ness amounts  sometimes  to  700  or  800  feet  It  usually  occurs  in  regular 
liorizontal  beds,  and  is  occasionally  intersected  by  deep  valleys,  such  as 
those  of  Sortino  and  Pentalica,  in  which  are  numerous  caverns.  The 
fossils  are  in  every  stage  of  preservation,  from  shells  retaining  portions 
of  their  animal  matter  and  color,  to  others  which  are  mere  casts. 

The  limestone  passes  downwards  into  a  sandstone  and  conglomerate, 
below  which  is  clay  and  blue  marl,  like  that  of  the  Subappenine  liills, 
from  which  perfect  shells  and  corals  may  be  disengaged.  The  clay 
sometimes  alternates  with  yellow  sand. 

South  of  the  plain  of  Catania  is  a  region  in  which  the  tertiary  beds 
are  intermixed  with  volcanic  matter,  which  has  been  for  the  most  part 
the  product  of  submarine  eruptions.  It  appears  that,  while  the  clay, 
sand,  and  yellow  limestone  before  mentioned  were  in  course  of  deposition 
at  the  bottom  of  the  sea,  volcanoes  burst  out  beneath  the  waters,  like  that 
of  Graham  Island,  in  1831,  and  these  explosions  recurred  again  and  again 
at  distant  intervals  of  time.     Volcanic  ashes  and  sand  were  showered 
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down  and  spread  by  the  waves  and  currents  so  as  to  form  strata  of  tuff, 
which  are  found  intercalated  between  beds  of  limestone  and  clay  contain- 
ing marine  shells,  tlie  thickness  of  the  whole  mass  exceeding  2000  feet. 
The  fissures  through  whicli  the  lava  rose  may  be  seen  in  many  places 
forming  what  are  called  dikes. 

In  part  of  the  region  above  alluded  to,  as,  for  example,  near  Lentini, 
a  conglomerate  occurs  in  which  I  observed  many  pebbles  of  volcanic 
rocks  covered  by  full  grown  serpulce.  We  may  explain  the  origin  of 
these  by  supposing  that  there  were  some  small  volcanic  islands  which 
may  have  been  destroyed  from  time  to  time  by  the  waves,  as  Graham 
Island  has  L>een  swept  away  since  1831.  The  rounded  blocks  and 
pebbles  of  solid  volcanic  matter,  after  being  rolled  for  a  time  on  the 
beacli  of  such  temporary  islands,  were  carried  at  length  into  some  tran- 
quil part  of  the  sea,  where  they  lay  for  years,  while  the  marine  serpulce 
adhered  to  them,  their  shells  growing  and  covering  their  surface,  as  they 
are  seen  adhering  to  the  shell  figured  in  p.  22.  Finally,  the  bed  of  peb- 
bles w^as  itself  covered  with  strata  of  shelly  limestone.  At  Vizzini,  a 
town  not  many  miles  distant  to  the  S.  W.,  I  remarked  another  striking 
proof  of  the  gradual  manner  in  which  these  modern  rocks  were  formed, 
and  the  long  intervals  of  time  which  elapsed  between  the  pouring  out  of 
distinct  sheets  of  lava.  A  bed  of  oysters  no  less  than  20  feet  in  thick- 
ness rests  upon  a  current  of  basaltic  lava.  The  oysters  are  perfectly  iden- 
tifiable with  our  common  eatable  species.  Upon  the  oyster  bed,  again, 
is  superimposed  a  second  mass  of  lava,  together  ^with  tuff  or  peperino. 
In  the  midst  of  the  same  alternating  igneous  and  aqueous  formations  is 
seen  near  Galieri,  not  far  from  Vizzini,  a  horizontal  bed,  about  a  foot  and 
a  half  in  thickness,  composed  entirely  of  a  common  Mediterranean  coral 
(Caryophyllia  coespitosaj  Lam.).     Tliese  corak  stand  erect  as  they  grew ; 

Fig.  128. 


CaryophyUia  ea%piioM^  Lam.       (Cladocora  catpitota,  Ehr.) 

a.  Stem  with  jonng  stem  growing  from  its  side. 
d*.  Young  stem  of  same  twice  masmifled. 

&.  Portion  of  brancb.  twice  magnified,  with  the  base  of  a  lateral  branch ;  the  exterior 
ridges  of  the  main  branch  ajppearing  through  the  lamellfo  of  the  lateral  one. 

e.  Transverse  section  of  same,  proving  by  the  integrity  of  the  main  branch,  that  the 

lateral  one  did  not  originate  in  a  subdivision  of  the  animal. 
d.  A  branch,  having  at  its  base  another  laterally  united  to  it,  and  two  young  cormla  at 

its  upper  part 
0.  A  main  branch,  with  a  fkill  grown  latent  one. 

f.  A  perfect  terminal  star. 
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and,  after  being  traced  for  hundreds  of  yards,  are  again  fonnd  at  a  mr- 
responding  heiglit  on  the  opposite  side  of  the  valley. 

The  corals  iLre  usually  branched,  but  not  by  the  diriuon  of  the  animate 
as  some  have  supposed,  but  by  the  attachment  of  young  individuals  K 
the  sides  of  the  older  ones;  snd  we  must  understand  this  mode  of  in- 
crease, in  order  to  appreciate  the  time  which  whs  required  for  the  building 
up  of  the  whole  bed  of  coral  during  the  growth  of  many  Bucceesive  gen- 
erations.* 

Among  the  other  fossil  Bliells  met  with  in  these  Sicilian  strata,  whi^ 
still  continue  to  abound  in  the  Mediterranean,  no  shell  is  more  connpic- 
uouB,  from  its  size  and  frequent  occurrence,  than  the  great  scallop.  Ptelm 
foeolxBus  (see  fig.  124),  now  so  common  in  the  neighboring  seas.  We 
see  tliis  shell  in  the  calcareous  beds  at  Palermo  in  great  numbers,  in  the 
limestone  at  Girgenti,  and  in  tliat  which  alternates  with  volcanic  rocks  in 
the  country  between  Syracuse  and  Viizini,  often  at  great  heights  above 
the  sea. 

FIclSl. 


Feettit jaeobata;  b»lfi 


The  more  we  reflect  on  the  preponderating  numberofthese  recent  shells, 
the  more  we  are  surprised  at  the  great  thickness,  solidity,  and  height 
above  the  sea  of  the  rocky  masses  in  which  they  are  entombed,  and  the 
vast  amount  of  geographical  change  which  has  taken  place  since  th^ 
origin.  It  must  be  remembered  that,  before  they  began  to  emerge,  the 
uppermost  strata  of  the  whole  must  have  been  deposited  under  water. 
In  order,  therefore,  to  form  a  just  conception  of  their  antiquity,  we  must 
first  examine  singly  the  innumerable  minute  parti  of  which  the  whole  is 
made  up,  the  successive  beds  of  shells,  corals,  volcanic  ashes,  conglomei^ 
ates,  and  sheets  of  lava ;  and  we  must  afterwards  contemplate  the  time 
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required  for  the  gradual  upheaval  of  the  rocks,  and  the  excavation  of  the 
valleys.  The  historical  period  seems  scarcely  to  form  an  appreciable  unit 
in  this  computation,  for  we  find  ancient  Greek  temples,  like  those  of 
Gii^^ti  (Agrigentum),  built  of  the  modem  limestone  of  which  we  are 
speaking,  and  resting  on  a  hill  composed  of  the  same ;  the  site  having 
remained  to  all  appearance  unaltered  since  the  Greeks  first  colonized  the 
island. 

The  modern  geological  date  of  the  rocks  in  this  region  leads  to  another 
singular  and  unexpected  conclusion,  namely,  that  the  fauna  and  fiora  of 
a  large  part  of  Sicily  are  of  higher  antiquity  than  tlie  country  itself 
having  not  only  flourished  before  the  lands  were  raised  from  the  deep, 
but  even  before  their  materials  were  brought  together  beneath  the  waters. 
The  chain  of  reasoning  which  conducts  us  to  this  opinion  may  be  stated 
in  a  few  words.  The  larger  part  of  the  island  has  been  converted  from 
sea  into  land  since  the  Mediterranean  was  peopled  with  nearly  all  the 
living  species  of  testacea  and  zoophytes.  We  may  therefore  presume 
that,  before  this  region  emerged,  the  same  land  and  river  shells,  and 
almost  all  the  same  animals  and  plants,  were  in  existence  which  now 
people  Sicily ;  for  the  terrestrial  fauna  and  flora  of  this  island  are  pre- 
cisely the  same  as  that  of  other  lands  surrounding  the  Mediterranean. 
There  appear  to  be  no  peculiar  or  indigenous  species,  and  those  which 
are  now  established  there  must  be  supposed  to  have  migrated  from  pre- 
tfxisting  lands,  just  as  the  plants  and  animals  of  the  Neapolitan  territory' 
have  colonized  Monte  Nuovo,  since  that  volcanic  cone  was  thrown  up  in 
the  sixteenth  century. 

Such  conclusions  throw  a  new  light  on  the  adaptation  of  the  attributes 
and  migratory  habits  of  animals  and  plants  to  the  changes  which  are  un- 
ceasingly in  progress  in  the  physical  geography  of  the  globe.  It  is  clear 
that  the  duration  of  species  is  so  great,  that  they  are  destined  to  outlive 
many  important  revolutions  in  the  configuration  of  the  earth's  surface ; 
and  hence  those  innumerable  contrivances  for  enabling  the  subjects  of  the 
animal  and  vegetable  creation  to  extend  their  range ;  the  inhabitants  of 
the  land  being  often  carried  across  the  ocean,  and  the  aquatic  tribes  over 
great  continental  spaces.  It  is  obviously  expedient  that  the  terrestrial  and 
fluviatile  species  should  not  only  be  fitted  for  the  rivers,  valleys,  plains, 
and  mountains  which  exist  at  the  era  of  their  creation,  but  for  others  that 
are  destined  to  be  formed  before  the  species  shall  become  extinct ;  and, 
in  hke  manner,  the  marine  species  are  not  only  made  for  the  deep  and 
shallow  regions  of  the  ocean  existing  at  the  time  when  they  are  called 
into  being,  but  for  tracts  that  may  be  submerged  or  variously  altered  in 
depth  during  the  time  that  is  allotted  for  their  continuance  on  the  globe. 

OSSEOUS  BRECCIAS  AND  DEPOSITS  IN  CAVES  OP  THE  PLIOCENE  PERIOD. 

Sicily, — Caverns  filled  with  marine  breccias,  at  the  base  of  ancient 
sea-difl^  have  been  already  mentioned  in  the  sixth  chapter ;  and  it  was 
noticed,  respecting  the  cave  of  San  Giro,  near  Palermo  (p.  75),  that  upon 
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a  bed  of  sand  filled  with  sea-shells,  almost  all  of  reoeDt  speciea,  rests  a 
breccia  {b,  fig.  93),  composed  of  fragments  of  calcareous  rock,  and  the 
bones  of  animals.  In  the  sand  at  the  bottom  of  that  cave,  Dr.  Philippi 
found  about  forty-five  marine  shells,  all  clearly  identical  with  recent 
species,  except  two  or  three.  The  bones  in  the  incumbent  breccia  are 
diiefly  those  of  the  mammoth  {B,  primiffenius\  with  some  belonging  to 
an  hippopotximus,  distinct  from  the  recent  species,  and  smaller  than  that 
usually  found  fossil.  (See  fig.  132.)  Several  species  of  deer  also,  and, 
according  to  some  accounts,  the  remains  of  a  bear,  were  discovered. 
These  mammaliii  are  probably  referable  to  the  PostrPliocene  period. 

The  Newer  Pliocene  tertiary  limestone  of  the  south  of  Sicily,  already 
described,  is  sometimes  full  of  caverns :  and  the  student  will  at  once  pei^ 
ceive  that  all  the  quadrupeds  of  which  the  remains  are  found  in  the  sta- 
lactite of  these  caverns,  being  of  later  origin  than  the  rocks,  must  be  re- 
ferable to  the  close  of  the  tertiary  epoch,  if  not  of  still  later  date.  The 
situation  of  one  of  these  caves,  in  the  valley  of  Sortino,  is  represented  ill 
the  annexed  section. 

Fig.l2& 


bl  &^DeplSta  in  caves,  [containing  the  remains  of  quadrupeds  for  the  most  part  artlnct 
C.  Limestone  containing  the  remains  of  sheila,  of  which  between  70  and  80  per  cent  are 


England, — In  a  cave  at  Kirkdale,  about  twenty-five  miles  N.  N.  R  of 
York,  the  remains  of  about  300  hyjcnas,  belonging  to  individuals  of  every 
age,  have  l><H?n  detected.  The  sjKKjies  {Ht/ocna  speloea)  is  extinct,  and  was 
larger  than  the  fitTce  Hycena  crocuta  of  South  Africa,  which  it  most  re- 
sembled. Dr.  Buckland,  after  carefully  examining  the  spot,  proved  that 
the  Hya?nas  must  have  lived  there ;  a  fact  attested  by  the  quantity  of 
their  dung,  which,  as  in  the  case  of  the  living  hyajna,  is  of  nearly  the  same 
composition  as  bone,  and  almost  as  durable.  In  the  cave  were  found  the 
remains  of  the  ox,  young  elephant,  hippojwtamus,  rhinoceros,  horse,  bear, 
wolfi  hare,  water-rat,  and  several  birds.  All  the  bones  have  the  appear- 
ance of  having  been  broken  and  gnawed  by  the  teeth  of  the  hyaenas; 
and  they  occur  confusedly  mixed  in  loam  or  mud,  or  dispersed  through 
a  crust  of  stalagmite  which  covers  it  In  these  and  many  other  cases  it 
is  supposed  that  portions  of  herbivorous  quadrupeds  have  been  dragged 
into  caverns  by  beasts  of  prey,  and  have  served  as  their  food,  an  opinion 
quite  consistent  with  the  known  habits  of  the  living  hyaina. 

No  less  than  thirty-seven  species  of  mammalia  are  enumerated  by  Pro- 
fessor Owen  as  having  been  discovered  in  Uie  caves  of  the  British  islands, 
of  which  eighteen  appear  to  be  extinct,  while  the  others  still  survive 
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in  Europe.  They  were  not  washed  to  the  spots  where  the  fossils  now  oc- 
cur by  a  great  flood ;  but  lived  and  died,  one  generation  after  another,  in 
the  places  where  they  lie  buried.  Among  other  arguments  in  favor  of  this 
conclusion  may  be  mentioned  the  gi*eat  numbers  of  the  shed  antlers  of  deer 
discovered  in  caves  and  in  freshwater  strata  throughout  England.* 

Examples  also  occur  of  fissures  into  which  animals  have  fallen  from 
time  to  time,  or  have  been  washed  in  from  above,  together  witli  alluvial 
matter  and  fragments  of  rock  detached  by  frost,  forming  a  mass  which 
may  be  united  into  a  bony  breccia  by  stalagmitic  infiltrations.  Fre- 
quently we  discover  a  long  suite  of  caverns  connected  by  narrow  and 
irregular  galleries,  which  hold  a  tortuous  course  through  the  interior  of 
mountains,  and  seem  to  have  served  as  the  subterranean  channels  of 
springs  and  engulfeil  rivers.  Many  streams  in  the  Morea  are  now  car- 
rying bones,  pebbles,  and  mud  into  underground  passages  of  this  kind.f 
IC  at  some  future  i)eriod,  the  fonn  of  that  country  should  be  wholly 
alteretl  by  subterranean  movements  and  new  valleys  shaped  out  by 
denudation,  many  portions  of  the  former  channels  of  these  engulfed 
streams  mav  communicate  with  the  surface,  and  l)ecome  the  dens  of  wild 
beasts,  or  the  recesses  to  which  quadrupeds  retreat  to  die.  Certain  caves 
of  France,  Germany,  and  Belgium,  may  have  passed  successively  through 
these  different  conditions,  and  in  their  last  state  may  have  remained 
o|K*n  to  the  day  for  several  tertiary  periods.  It  is  nevertheless  re- 
markable, that  on  the  continent  of  Europe,  as  in  England,  the  fossil 
remains  of  mammalia  belong  almost  exclusively  to  those  of  the  Newer 
Pliocene  and  Post-Pliocene  periods,  and  not  to  the  Miocene  or  Eocene 
epochs,  and  when  they  are  accompanied  by  land  or  river  shells,  these 
agree  in  great  part,  or  entirely,  with  recent  species. 

As  tlie  preservation  of  the  fossil  bones  is  due  to  a  slow  and  constant 
supply  of  stalactite,  brought  into  the  caverns  by  water  dropping  from  the 
roof,  the  source  and  origin  of  this  deposit  has  Wn  a  subject  of  curious 
inquir}'.  The  following  exj>lanation  of  the  phenomenon  has  been  re- 
cently suggested  by  the  eminent  chemist  Liebig.  On  the  surface  of 
Franconia,  where  the  limestone  abounds  in  caverns,  is  a  fertile  soil,  in 
which  vegetable  matter  is  continually  decaying.  This  mould  or  humus, 
being  Jicted  on  by  moisture  and  air,  evolves  carbonic  acid  which  is  dis- 
solved by  rain.  The  rain-water,  thus  impregnated,  permeates  the  poms 
limestone,  dissolves  a  portion  of  it,  and  afterwards,  when  the  excess  of 
carbonic  acid  evaporates  in  the  caverns,  parts  with  the  calcareous  matter, 
and  forms  stalactite. 

Australian  cave-breccias, — Ossiferous  breccias  are  not  confined  to  Eu- 
rope, but  occur  in  all  parts  of  the  globe ;  and  those  lately  discovered  in 
fissures  and  caverns  in  Australia  correspond  closely  in  character  with 
what  has  been  called  the  bony  breccia  of  the  Mediterranean,  in  which  the 
fragments  of  bone  and  rock  are  firmly  bound  together  by  a  red  ochreous 
cement 

*  Owen,  Brit  Foss.  Mam.  xzvl  and  Buckland,  Rol.  DiL  19,  24. 
f  See  Principles  of  Geology. 
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Some  of  these  caves  have  been  examined  by  Sir  T.  Mitchell  in  tb« 
Wellington  Valley,  about  210  miles  west  of  Sidney,  on  the  river  Bdl, 
one  of  the  principal  sources  of  the  Macquarie,  and  on  llie  Macquarie 
itself.  The  caverns  often  branch  off  in  Uiflerent  directions  through  the 
roelc,  widening  and  contracting  their  dimensions,  and  the  roo&  and  floon 
are  covered  with  stalactite.  The  bones  arc  often  broken,  but  do  notaeem 
to  be  waler-worn.  In  some  places  Ihey  lie  imbedded  in  loose  earth,  bnt 
they  are  usually  included  in  a  breccia. 

The  remains  found  most  abundantly  are  those  of  the  kangaroo^  of 
which  there  are  four  species,  besides  wjiich  the  genera  Hyptiprymnm, 
PhalangUla,  Phaxolomys^  and  Dasyurut,  occur.  There  are  alsolxMieB, 
formeriy  conjectured  by  some  osteologists  to  belong  to  the  hippopotamm^ 
and  by  others  to  the  dugong,  bnt  which  are  now  referred  by  Mr.  Owen 
to  a  marsupial  genus,  allied  to  tlio  Wombat. 

In  the  fossils  above  enumerated,  several  species  are  lar^r  than  the 
largest  living  ones  of  the  same  genera  now  known  in  Australia.  The 
annexed  figure  of  the  right  side  of  a  lower  jaw  of  a  kangaroo  {Macro- 


put  alias,  Owen)  will  at  once  be  seen  to  exceed  in  magnitude  the  cot- 
responding  part  of  the  largest  living  kimgaruo,  which  is  represented  in 
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fig.  127.  Id  both  these  Bpecimens  part  of  tlie  substance  of  the  jaw  ha& 
been  broken  open,  m  as  to  show  the  permanent  false  molar  (a,  fig.  126) 
concealed  in  the  socket.  From  the  fact  of  tliis  molar  not  having  been 
cat,  we  leam  that  the  individual  was  young,  and  had  not  shed  iia  fhsl 
Fif.i«.  teeth.  In  Rg.  126,  a  front  tooth  of  the  same  species  of 
kangaroo,  is  represented. 

Whetlier  the  breccias,  above  alluded  to,  of  the  Wellington 
Valley,  appertain  strictly  to  Uie  Pliocene  period  cannot  be 
affirmed  with  certainty,  until  ve  are  more  thoroughly 
acquainted  witli  the  recent  quadrupeds  of  tlie  same  dis- 
trict, and  until  we  leam  what  species  of  fossil  land  shells, 
if  any,  are  buned  in  the  deposits  of  the  same  caves. 

The  reader  will  observe  that  all  these  extinct  quadrupeds 
of  Australia  belong  to  tlie  marsupial  family,  or,  in  other 
words,  that  they  are  referable  to  the  same  peculiar  type  of 
organization  uhich  now  distinguishes  the  AuBtralian  mam 

_       malia  from  those  of  other  parts  of  the  glolw.     This  (act  in 

erv,;iw.  one  of  many  jwinting  ti>  a  general  law  dcducible  from  the 
fossil  vertebrate  and  invertebrate  animals  of  the  eras  immediately  ante 
cedent  to  the  human,  namely,  that  the  present  geographical  distribution 
of  organic  j'ormt  dates  baclt  to  a  period  anterior  to  the  crcaUon  of  ei- 
bting  gpfc:ei ;  in  other  words,  the  limitation  of  particular  genera  or 
families  of  quadrupeds,  mollusca,  &c.,  to  certain  existing  provinces  of 
lui'I  and  sea,  began  before  the  species  now  contemporary  with  man  had 
been  Introduced  into  the  earth. 

Mr.  Owen,  in  his  excellent  "  Ilistoiy  of  British  Fossil  Mammals,"  has 
called  attention  to  this  law,  remarking  that  the  fossil  qnadrupeds  of 
Europe  and  Asia  differ  from  those  of  Australia  or  South  America.  We 
do  not  find,  for  example,  in  the  Europ%o- Asiatic  province  fossil  kangaroos 
or  armadillos,  but  the  elepiiant,  rhinoceros,  horse,  bear,  hyatna,  beaver, 
hare,  mole,  and  others,  which  still  characterize  the  same  continent 

In  like  reannpr  in  the  Pampas  of  South  America  the  skeletons  of  Me- 
gatherium, MegalonjTc,  Glyptodon,  Mylodon,  Toxodoii,  Macrauchenio, 
and  other  estinct  forms,  are  analogous  to  the  living  sloth,  armadillo,  cavy, 
capybara,  and  llama.  The  fossil  quadrumana,  also  associated  witli  some 
of  these  fonua  in  the  Brazilian  caves,  belong  to  the  riatyrrliine  family  of 
monkeys,  now  peculiar  to  South  America.  That  the  extinct  fauna  of 
Buenos  .\yres  and  Brazil  was  very  modern  has  been  shown  by  its  rela- 
^on  to  deposits  of  marine  shells,  agreeing  with  those  now  inhabiting  the 
Atlantic;  and  when  in  Georgia  in  1845,1  ascertained  that  tlie  Mega- 
therium, Mylodon,  Harlamtt  amerieanut  (Owen),  Eqaus  curvident,  and 
other  quadrupeds  allied  to  the  Pampean  type,  were  posterior  in  date  to 
beds  containing  marine  shells  belonging  to  forty-five  recent  species  of  the 
neighboring  sea. 

There  are  indeed  some  cosraopoHte  genera,  such  as  the  Mastodon  (a 
genus  of  the  elephant  family),  and  the  horee,  which  were  simultaneoinly 
represented  by  different  fbeail  spedea  in  Europe,  North  America,  and 
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South  America ;  but  these  few  exceptions  can  by  no  means  invalidate 
the  rule  wliich  has  been  thus  expressed  by  Professor  Owen,  "  that  in  th« 
highest  organized  class  of  animals  the  same  forms  were  restricted  to  the 
same  great  provinces  at  the  Pliocene  periods  as  they  are  at  the  pres- 
ent day." 

However  modem,  in  a  geological  point  of  view,  we  may  consider  the 
Pleistocene  epoch,  it  is  evident  that  causes  more  general  and  powerftil 
than  the  intervention  of  man  have  occasioned  the  disappearance  of  the 
ancient  founa  from  so  many  extensive  regions.  Not  a  few  of  the  species 
had  a  wide  range ;  the  same  Megatherium,  for  instance,  extended  from 
Patagonia  and  the  river  Plata  in  South  America,  between  latitudes  31® 
and  39°  south,  to  corres^ponding  latitudes  in  North  America,  tlie  same 
animal  being  also  an  inhabitant  of  die  intermediate  country  of  Brazil, 
where  its  fossil  remains  have  been  met  with  in  caves.  The  extinct  ele- 
phant, likewise,  of  Georgia  (Elephas  primigenius)  has  been  traced  in  a 
fossil  state  northward  from  tlie  river  Alatamaha,  in  lat.  33^  50'  N.  to  the 
polar  regions,  and  then  again  in  the  eastern  hemisphere  from  Siberia  to 
the  south  of  Europe.  If  it  be  objected  that,  notwithstanding  the  adapta- 
tion of  such  quadrupeds  to  a  variety  of  climates  and  geographical  con- 
ditions, their  great  size  exposed  them  to  extermination  by  the  first  hunter 
tribes,  we  may  observe  that  the  investigations  of  Lund  and  Clausen  in 
the  ossiferous  limestone  caves  of  Brazil  have  demonstrated  that  these 
large  mammalia  were  associated  with  a  great  many  smaller  quadrupeds, 
some  of  them  Jis  diminutive  as  field  mice,  which  have  all  died  out  together, 
while  the  land  shells  formerly  their  contemporaries  still  continue  to  exist 
in  the  same  countries.  As  we  may  feel  assured  that  these  minute  quad- 
rupeds could  never  have  been  extirpated  by  man,  so  we  may  conclude 
that  all  the  species,  small  and  great,  have  been  annihilated  one  after  the 
other,  in  the  course  of  indefinite  ages,  by  those  changes  of  circumstances 
in  the  organic  and  inorganic  world  which  are  always  in  progress,  and  are 
capable  in  the  course  of  time  of  greatly  modifying  the  physical  giH>g- 
raphy,  climate,  and  all  other  conditions  on  which  the  continuance  upon 
the  earth  of  any  living  being  must  depend.* 

The  law  of  geographical  relationship  above  alluded  to,  between  the 
living  vertebrata  of  every  great  zoological  province  and  the  foNsils  of  the 
period  immediately  antecedent,  even  where  the  fossil  species  are  extinct, 
is  bv  no  means  confined  to  the  mammalia.  New  Zealand,  when  first 
examined  by  Europeans,  was  found  to  contiin  no  indigenous  land  (quad- 
rupeds, no  kangaroos,  or  opossums,  like  Australia ;  but  a  wingless  bird 
abounded  there,  the  smallest  living  representative  of  the  ostrich  family, 
called  Xivi,  by  the  natives  [Aptenjx).  In  the  fossils  of  the  Po8t-Pli«x^ene 
and  Pleistocene  period  in  this  same  island,  there  is  the  like  absence  of 
kangaroos,  opossums,  wombats,  and  the  rest ;  but  in  their  place  a  pro- 
digious number  of  well-j>reserved  specimens  of  gigantic  birds  of  the  stm- 
thious  order,  called  by  Owen  Dinornis  and  Palapteryx,  which  are  en- 

*  See  Principles  of  Geology,  chaps.  xlL  to  zliv. 
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ItMDbed  in  euperfidal  deports.  T)iese  genera  comprehended  m»ny  spe- 
cies, some  of  which  were  4,  some  7,  others  0,  and  otticra  U  feet  in 
heightl  It  seems  doubtful  nhether  any  contempiorary  mttmmaha  sliared 
the  land  with  this  population  of  gigantic  feathered  bipeds. 

To  those  who  have  never  studied  comparative  anatomy  it  may  seem 
scarcely  credible,  that  a  single  bone  taken  from  any  part  of  the  skeleton 
may  enable  a  skilful  osteologist  to  distinguish,  in  many  cases,  the  genus, 
and  sometimes  the  species,  of  quadraped  to  which  it  belonged.  Although 
few  geologists  can  aspire  to  such  knowledge,  which  must  be  the  result  of 
long  practice  and  study,  they  will  nevertheless  derive  great  advantage 
from  learning  what  is  compamtively  an  easy  task,  to  distinguish  the 
principal  divisions  of  the  mummalin  by  the  forms  and  chanicters  of  their 
teeth.  The  annexed  figures,  all  taken  from  original  specimens,  may  be 
useful  in  assisting  the  student  to  recognize  tlie  teeth  of  many  genera  most 
frequently  found  fossil  jn  Europe : — 

Flg.lM. 


Elk  (Cemu  alcti.  Ha.);  re- 
«nt:  niolwof  oppMjiw. 
A  OnmllnE  turliM. 
b.  8td«  tI*w;   Iwo-thli^  of 


— e.  lowFTjaw ;  ut  ilia,  Cire 
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OLDER  PUOCEHE   AND   MIOCENE   FORMATIONS. 

strata  of  Suffolk  termed  Red  and  Coralline  ra-ag— Fossil,  and  proportion  of  recent 
spedei — Depth  of  tea  and  climate— Reference  of  Suffolk  crag  to  the  older 
Pliocene  period — Higratkn  of  many  specLea  of  shells  southward  during  the 
glacial  period — Foaiiil  vhales — Subapcnniuu  beds— Asti.  Sienna,  Rome — Mio- 
cene formations — Falana  of  Toaraine— -Depth  of  sea  and  littoral  character  ul 
tsnna — Tropical  cUmate  implied  hj  the  testacea — Proportion  of  recent  species  ol 
ihella-— Valan*  more  aocieat  than  the  Suffolk  crag — Miocene  strata  of  BourdeauK 
»nd  FMnwat — Uoluse  of  SvitzertonJ — Tertiary  strata  of  IJsbon — Older 
Pliocene  and  Miocene  formations  in  the  United  States — SewAlik  Hills  io  India. 

The  older  pliocene  strata,  which  next  claim  our  attention,  are  chieOy 
confined,  in  Great  Britain,  to  the  eastern  part  of  the  county  of  Suffolk, 
where,  like  the  Nomicb  beds  already  described,  they  are  called  "  Crag," 
a  provincial  name  given  partJeularly  to  those  masses  of  shelly  sand  wliieh 
have  been  used  from  very  ancient  times  in  agriculture,  to  fertilize  soils 
deficient  in  calcareous  matter.  The  relative  position  of  the  "  red  crag"  in 
Essex  to  the  London  clay,  may  be  understood  by  reference  to  the  accom- 
panying diagmn  (fig.  142). 

II 
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Fig.  141 
Cn^.  London  Clay;  Chalk. 


These  deposits,  judging  by  the  shells  which  they  contain,  appear,  ac- 
cording to  Professor  Edward  Forbes,  to  have  been  formed  in  a  sea  of 
moderate  depth,  generally  from  15  to  25  fathoms  deep,  although  in  some 
few  spots  perhaps  deeper.  But  they  may,  nevertheless,  have  been  accu- 
mulated at  the  distance  of  40  or  50  miles  from  land. 

The  Suflfolk  crag  is  divisible  into  two  masses,  the  upper  of  w^hich  has 
been  termed  the  Red,  and  the  lower  the  Coralline  Crag.*  The  upper 
deposit  consists  chiefly  of  quartzose  sand,  with  an  occasional  intermixture  of 
shells,  for  the  most  part  rolled,  and  sometimes  comminuted.  The  lower 
or  Coralline  crag  is  of  very  limited  extent,  ranging  over  an  area  about 
20  miles  in  length,  and  3  or  4  in  breadth,  between  the  rivers  Aide  and 
Stour.  It  is  generally  calcareous  and  marly — a  mass  of  shells  and  small 
corals,  passing  occasionally  into  a  soft  building  stone.  At  Sudboum,  near 
Orford,  where  it  assumes  this  character,  are  large  quarries,  in  which  the 
bottom  of  it  has  been  reached  at  the  depth  of  50  feet  At  some  places 
in  the  neighborhood,  the  softer  mass  is  divided  by  thin  flags  of  hard  lime- 
stone, and  corals  placed  in  the  upright  position  in  which  they  grew. 

The  Red  crag  is  distinguished  by  the  deep  ferruginous  or  ochreous 
-color  of  its  sands  and  fossils,  the  Coralline  by  its  white  color.  Both  for- 
mations are  of  moderate  thickness ;  the  red  crag  rarely  exceeding  40, 
and  the  coralline  seldom  amounting  to  20,  feet  But  their  importance 
is  not  to  be  estimated  by  the  density  of  the  mass  of  strata  or  its  geo- 
graphical extent,  but  by  the  extraordinary  richness  of  its  organic  remains, 
■belonging  to  a  very  peculiar  type,  which  seems  to  characterize  the  state 
•of  the  living  creation  in  tlie  north  of  Europe  during  the  older  Pliocene 
•era. 

For  a  large  collection  of  the  fish,  echinoderms,  shells,  and  corals  of 
:the  d*»posits  in  Suffolk,  we  are  indebted  to  the  labors  of  Mr.  Se;irlos  Wood. 
Of  testaooa  alone  he  has  obtained  230  species  from  tlie  Red,  and  345 
from  the  Coralline  crag,  about  150  being  common  to  each.  The  pro- 
iportion  of  recent  species  in  the  new  group  is  considered  by  Mr.  Wood 
to  be  about  70f  per  cent,  and  that  in  the  older  or  coralline  al>out  CO. 
When  I  examined  these  shells  of  Suffolk  in  1835,  with  the  assistance  of 
Dr.  Beck,  Mr.  George  Sowerby,  Mr.  Searles  Wood,  and  other  eminent 
conchologists,  I  came  to  the  opinion  that  the  extinct  species  predomi- 
nated very  decidedly  in  number  over  the  living.  Recent  investigations, 
however,  have  thrown  much  new  light  on  the  conchology  of  the  Arctic, 
Scandinavian,  British,  and  Mediterranean  seas.  Many  of  the  species 
formerly  known  only  as  fossils  of  the  Crag,  and  supposed  to  have  died 

♦  See  paper  by  E.  Cbarlesworth,  Eeq. ;  London  and  Ed.  PhiL  Mag.  Na  joojui 
p.81,  Ang.  1«85. 

f  See  Ifoopgniph  oo  the  Crag  Mollaica.    Searles  Wood,  Paleoot  Soc  184$ 
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out,  have  been  dredged  up  in  a  living  state  from  depths  not  previously 
explored.  Other  recent  species,  before  regarded  as  distinct  from  the 
nearest  allied  Crag  fossils,  have  been  observed,  when  numerous  individ- 
uals were  procured,  to  be  liable  to  much  greater  variation,  both  in  size 
and  form,  than  had  been  suspected,  and  thus  have  been  identified.  Con- 
sequently, the  Crag  fauna  has  been  found  to  approach  much  more  nearly 
to  the  recent  fieiuna  of  the  Nortliem,  British,  and  Mediterranean  seas 
than  had  been  imagined.  The  analogy  of  the  whole  group  of  testacea 
to  the  European  type  is  very  marked,  whether  we  refer  to  the  large  de- 
velopment of  certain  genera  in  number  of  species  or  to  their  size,  or  to 
the  suppression  or  feeble  representation  of  others.  The  indication  also 
afforded  by  the  entire  fauna  of  a  climate  not  much  warmer  than  that 
now  prevailing  in  corresponding  latitudes,  prepares  us  to  believe  that 
they  are  not  of  higher  antiquity  than  the  Older  Pliocene  era.* 

The  position  of  the  red  crag  in  Essex  to  the  subjacent  London  clay  and 
chalk  has  been  already  pointed  out  (fig.  142).  Whenever  the  two  di- 
visions are  met  with  in  the  same  district,  the  red  crag  lies  uppermost; 
and,  in  some  cases,  as  in  the  section  represented  in  fig.  143,  it  is  ob- 
served that  the  older  or  coralline  mjuss  6  had  suffered  denudation  before 
the  newer  formation  a  was  thrown  down  upon  it.     At  D  there  is  not 

BhottlBham 
Sutton.  Cr«ok. 


S«ction  near  Ipswich,  in  Suffolk. 
a.  Sed  cni^  h.  Coralline  crag.  e.  London  day. 

only  a  distinct  cliff,  8  or  10  feet  high,  of  coralline  crag,  running  in  a 
direction  N.E.  and  S.  W.,  against  which  the  red  crag  abuts  with  its  hori- 
zontal layers ;  but  this  cliff  occasionally  overhangs.  The  rock  composing 
it  is  drilled  everywhere  by  Pholadcs,  the  holes  which  they  perforated 
having  been  afterwards  filled  with  sand  and  covered  over  when  the  newer 
beds  were  thrown  down.  As  the  older  formation  is  shown  bv  its  fossils 
to  have  accumulated  in  a  deeper  sea  (15,  and  sometimes  25,  fathoms 
deep  or  more),  there  must  no  doubt  have  been  an  upheaval  of  the  sea- 
bottom  before  the  cliff  here  alluded  to  was  shaped  out.  We  may  also 
conclude  that  so  gieat  an  amount  of  denudation  could  scarcely  take 
place,  in  such  incoherent  materials,  without  many  of  the  fossils  of  the 
inferior  beds  becoming  mixed  up  with  the  overlying  crag,  so  that  consid- 
erable difiSculty  must  be  occasionally  experienced  by  the  palaeontologist 
in  deciding  which  species  belong  severally  to  each  group.  The  red  crag 
being  formed  in  a  shallower  sea,  often  resembles  in  structure  a  shifting 
sand  bank,  its  layers  being  incline<I  diagonally,  and  the  planes  of  stratifi- 

*  In  regarding  the  Suffolk  crag,  both  red  and  coralline,  as  older  Pliocene,  in* 
ttead  of  Mkieene,  I  am  only  returning  to  the  classification  adopted  by  me  in  the 
Prindplfls  and  Elements  of  Geology  up  to  the  year  1888. 
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caUon  b«in^  sometimes  directed  in  tLe  eame  qufury  to  the  four  cardioal 
points  of  the  compass,  as  at  Butley.  That  in  this  and  many  oth«i 
localities,  sucU  a  structure  is  not  deceptive  or  due  to  any  aubeequent  cou- 
cretionary  rearrangement  of  particles,  or  to  mere  lines  of  color,  is  proved 
by  each  bed  being  made  up  of  flat  pieces  of  shell  which  lie  parallel  to 
tlie  planes  of  the  smaller  strata. 

Some  fossils,  whicli  are  very  abundant  in  the  red  crag,  have  never  beeji 
found  in  the  white  or  coralline  division ;  as,  for  example,  the  Fugu*  con- 
trarius  (fig.  144),  and  several  species  of  Buccinum  (or  Natai)  and  Mum 
(see  figs.  145,  146),  which  two  genera  seem  waning  in  the  lower  crag. 


Among  the  bones  and  teeth  of  fishes  are  those  of  large  sharks  {Car(ka- 
rias),  and  a  gigantic  skate  of  the  extinct  genus  MylitAaUi,  and  many 
other  forms,  some  common  to  our  seas,  and  many  foreign  to  then). 

The  distinctness  of  the  fossils  of  the  coralline  crag  arises  in  part  from 
higher  antiquity,  and,  in  some  degree,  frora  a  difference  in  the  geograph- 
ical conditions  of  the  submarine  bottom.  Tlie  prolific  growth  of  corals, 
echini,  and  a  prodigious  variety  of  testacea,  implies  a  region  of  deeper 
and  more  tranquil  water ;  whereas,  the  red  crag  may  have  forme<:l  after- 
wards on  the  same  spot,  when  tlie  water  was  shallower.  In  the  mean 
time  the  climate  may  have  become  somewhat  cooler,  and  some  of  the 
zoophytes  which  flourished  in  the  first  period  may  have  disappeared,  so 
that  the  fauna  of  the  red  crag  acquired  a  character  somewhat  more 
nearly  resembling  that  of  our  northern  seas,  as  is  implied  by  the  large 
development  of  certain  sections  of  the  genera  Fusut,  Buccinum,  Purpura, 
and  Trochus,  proper  to  higher  latitudes,  and  which  are  wanting  or 
feebly  represented  in  the  inferior  crag. 

Some  of  the  corals  of  the  lower  crag  of  Suflfolk  belong  to  genem  un- 
known in  tlie  living  creation,  and  of  a  very  peculiar  structure ;  as,  for 
example,  that  represented  in  the  annexed  fig.  (148),  which  is  one  of 
several  species  having  a  globular  form.  The  great  number  and  varietj 
of  theee  zoophytes  probably  indicate  an  equable  climate,  free  from  intense 
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cold  in  winter.  On  the  other  hand,  thnt  the  h«it  was  never  e 
eonSrnied  by  the  prevalence  of  uorthem  forms  among  the  testacea,  such 
as  the  Qlydmtrii,  Ct/prina,  and  Aitarte.  Of  the  genus  last  mentioned 
(see  fig.  149)  there  are  about  fourteen  species,  many  of  them  being  rich 


Ftt'if. 


1  individuals ;  and  there  is  an  absence  of  genera  peculiar  to  hot  cli- 
Fii.  iiM  mates,  Buch  as  CtniiM,  Oliva,  Milm,  Fasciolar'ia,  Crania- 
ttlla,  and  othere.  The  cowries  [Ctjpr(Ka,  fig.  H7),  also, 
are  small,  and  belonging  to  a  section  {Trivia)  now  inhabit- 
ing the  colder  regions.  A  large  volute,  called  VoluUt  Lam- 
berti  (fig.  150),  may  seem  an  exception  ;  but  it  diflers  in 
form  fixim  the  volutes  of  the  torrid  zone,  and  may,  like  the 
living  Valuta  Magellanica,  have  been  fitted  for  an  extra- 
tropical  climate. 

The  occurrence  of  a  species  of  lAvgula  at  Sutton  ia 

worthy  of  remark,  as  these  Brachiopoda  seem  now  con- 

TaltM  lamttrti,  fined  to  more  equatorial  latitudes,  and  the  same  may  be 
jomig  indiTid.  ggjd  gtiji  njQfy  decidedly  of  a  species  of  Pyrtila,  allied  to 
P.  Ttticulata.     Whether,  therefore,  we  may  incline  to  the  belief  that 
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the  meaii  annual  temperature  was  higher  or  lower  than  now,  we  may  at 
least  infer  that  the  climate  and  geographical  conditions  were  by  no 
means  the  same  at  the  period  of  the  Suffolk  crag  as  those  now  prevailing 
in  the  same  region. 

Of  the  echinoderms  of  the  coralline  crag  about  eleven  species  are 
known,  but  some  of  these  are  in  too  fragmentary  a  condition  to  admit 
of  exact  comparison.  Of  six  which  are  the  most  perfect,  Prof.  K  Forbes 
has  been  able  to  identify  three  with  recent  species :  one  of  which,  of  the 
genus  Echintts^  is  British ;  a  second,  Echinocyamus,  British  and  Med- 
iterranean ;  and  a  third.  Echinus  monilis,  a  Mediterranean  species,  also 
found  fossil  in  the  faluns  of  Touraine. 

One  of  the  most  interesting  conclusions  deduced  from  a  careful  com- 
parison of  the  shells  of  these  British  Older  Pliocene  strata  and  those  now 
inhabiting  our  seas,  has  been  pointed  out  by  Prof.  E.  Forbes.  It  appears 
that,  during  the  glacial  period,  a  period  intermediate,  as  we  have  seen, 
between  that  of  the  crag  and  our  own  times,  many  shells,  previously 
established  in  the  temperate  zone,  retreated  southwards  to  avoid  an  un- 
congenial climate.  The  Professor  has  given  a  list  of  fifty  shells  which 
inhabited  the  British  seas  while  the  coralline  and  red  crag  were  forming, 
and  which  are  wanting  in  the  Pleistocene  or  glacial  deposits.  They 
must,  therefore,  after  their  migration  to  the  south,  have  made  their  way 
northwards  again.  In  corroboration  of  these  views,  it  is  stated  that  all 
these  fifty  species  occur  fossil  in  the  Newer  Pliocene  strata  of  Sicily, 
Southern  Italy,  and  the  Grecian  Archipelago,  where  they  may  have  en- 
joyed, during  the  era  of  floating  icebergs,  a  climate  resembling  that  now 
prevailing  in  higher  European  latitudes.* 

In  the  red  crag  at  Felixstow,  in  Suffolk,  Professor  Henslow  has  found 
the  ear-bones  of  no  less  than  four  species  of  cetacea,  which,  according  to 
Mr.  Owen,  are  the  remains  of  true  whales  of  the  family  Balcenida,  Mr. 
Wood  is  of  opinion  that  these  cetacea  may  be  of  the  age  of  the  red  crag, 
or  if  not  that  they  may  be  derived  from  the  destruction  of  beds  of  coral- 
line crag.  I  agree  with  him  that  the  supposition  of  their  having  been 
washed  out  of  the  London  clay,  in  which  no  Balcmidce  have  yet  been 
met  with,  is  improbable. 

Strata  containing  fossil  shells,  like  those  of  the  Suffolk  crag,  above 
described,  have  been  found  at  Antwerp,  and  on  the  banks  of  the 
Scheldt  below  that  city.  In  1840  I  observed  a  small  patch  of  them 
near  Valognes,  in  Normandy ;  and  there  is  also  a  deposit  containing 
similar  fossils  at  St.  George  Bohon,  and  several  places  a  few  leagues  to 
the  S.  of  Carentan,  in  Normandy;  but  they  have  never  been  traced 
farther  southwards. 

Subapennine  strata. — The  Apennines,  it  is  well  known,  are  composed 
chiefly  of  secondary  rocks,  forming  a  chain  which  branches  oflf  from 
the  Ligurian  Alps  and  passes  down  the  middle  of  the  Italian  peninsula. 
At  the  foot  of  these  mountains,  on  the  side  both  of  the  Adriatic  and 

*  K  Forbes,  Mem.  GeoL  Survey,  Ot.  Brit  vol  L  S86. 
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the  MediterraneaDy  are  found  a  series  of  tertiary  strata,  which  form,  for 
the  moat  part,  a  line  of  low  hills  occupying  the  space  between  the  older 
chain  and  the  sea.  Brocchi,  as  we  have  seen  (p.  105),  was  the  first 
Italian  geologist  who  described  this  newer  group  in  detail,  giving  it  the 
name  of  the  Subapennines ;  and  he  classed  all  the  tertiary  strata  of  Italy, 
from  Piedmont  to  Calabria,  as  parts  of  the  same  system.  Certain  min- 
eral characters,  he  observed,  were  common  to  the  whole  ;  for  the  strata 
consist  generally  of  light  brown  or  blue  marl,  covered  by  yellow  cal- 
careous sand  and  gravel.  There  are  also,  he  added,  some  species  of 
fossil  shells  which  are  found  in  these  deposits  throughout  the  whole  of 
Italv. 

We  have  now,  however,  satisfactory  evidence  that  the  Subapennine 
beds  of  Brocchi  belong,  at  least,  to  three  periods.  To  the  Miocene  we 
can  refer  a  portion  of  the  strata  of  Piedmont,  those  of  the  hill  of  Superga, 
for  example ;  to  the  Older  Pliocene,  part  of  the  strata  of  northern  Italy, 
of  Tuscany,  and  of  Rome ;  while  the  tufaceous  formations  of  Naples,  of 
'Ischia,  and  the  calcareous  strata  of  Otranto,  are  referable  to  tlie  Newer 
Pliocene,  and  in  great  part  to  the  Post-Pliocene  period. 

That  there  is  a  considerable  correspondence  in  die  mineral  composi- 
tion of  these  different  Italian  groups  is  undeniable ;  but  not  that  exact 
resemblance  which  should  lead  us  to  assume  a  precise  identity  of  age, 
unless  the  fossil  remains  agreed  very  closely.  It  is  now  indispensable 
that  a  new  scrutiny  should  be  made  in  each  particular  district,  of  the 
fossils  derived  from  the  upper  and  lower  beds — especially  such  localities 
as  Asti  and  Parma,  where  the  formation  attains  a  great  thickness ;  and 
at  Sienna,  where  the  shells  of  the  incumbent  yellow  sand  are  generally 
believed  to  approach  much  more  nearly,  as  a  whole,  to  the  recent  fauna 
of  the  Mediterranean  than  those  in  the  subjacent  blue  marl. 

The  grayish  brown  or  blue  marl  of  the  Subapennine  formation  is  very 
aluminous,  and  usually  contains  much  calcareous  matter  and  scales  of 
mica.  Near  Parma  it  attains  a  thickness  of  2000  feet,  and  is  charged 
throughout  with  marine  shells,  some  of  which  live  in  deep,  others  in  shal- 
low water,  while  a  few  belong  to  freshwater  genera,  and  must  have  been 
washed  in  by  rivers.  Among  these  last  I  have  seen  the  common  lAm 
nea  palustris  in  the  blue  marl,  filled  with  small  marine  shells.  The 
wood  and  leaves,  which  occasionally  form  beds  of  lignite  in  the  same 
deposit,  may  have  been  carried  into  the  sea  by  similar  causes.  The 
shells,  in  general,  are  soft  when  first  taken  from  the  marl,  but  they 
become  hard  when  dried.  The  superficial  enamel  is  often  well  preserved, 
and  many  shells  retain  their  pearly  lustre,  part  of  their  external  color, 
and  even  the  ligament  which  unites  the  valves.  No  shells  are  more 
usually  perfect  than  the  microscopic  foraminifera,  which  abound  near 
Sienna,  where  more  than  a  thousand  full-grown  individuals  may  be 
sometimes  poured  out  of  the  interior  of  a  single  univalve  of  moderate 
dimensions. 

The  other  member  of  the  Subapennine  group,  the  yellow  sand  and 
conglomerate,  constitutes,  in  most  places,  a  border  formation  near  the 
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junction  of  the  tertiary  and  secondary  rocks.  In  some  caseSy  as  near  ikm 
town  of  Sienna,  we  see  sand  and  calcareous  gravel  resting  immediatdy 
on  the  Apennine  limestone,  without  the  intervention  of  any  blue  ddmiL 
Alternations  are  there  seen  of  beds  containing  fluviatile  shells,  with  othen 
filled  exclusively  with  marine  species ;  and  I  observed  oysters  attached 
to  many  limestone  pebbles.  This  appears  to  have  been  a  point  where  a 
river,  flowing  from  the  Apennines,  entered  the  sea  when  the  tertiaij 
strata  were  formed. 

The  sand  pusses  in  some  districts  into  a  calcareous  sandstone^  as  at 
San  Vignone.  Its  general  superposition  to  the  marl,  even  in  parts  of 
Italy  and  Sicily  where  the  date  of  its  origin  is  very  distinct,  may  be  ex- 
plained, if  we  consider  tliat  it  may  represent  the  deltas  of  rivers  and 
torrents,  which  gained  upon  the  bed  of  the  sea  where  blue  marl  had  pre- 
viously been  deposited.  The  latter,  being  composed  of  tlie  finer  and 
more  transjx)rtable  mud,  would  be  conveyed  to  a  distance,  and  first  occupy 
the  bottom,  over  which  sand  and  pebbles  would  afterwards  be  spread,  in 
proportion  as  rivers  pushed  their  deltas  farther  outwards.  In  some  laige 
tracts  of  yellow  sand  it  is  impossible  to  detect  a  single  fossil,  while  in 
other  places  they  occur  in  profusion.  Occasionally  the  shells  are  silici- 
fied,  as  at  San  Vitale,  near  Parma,  from  whence  I  saw  two  individuals  of 
recent  species,  one  freshwater  and  the  other  marine  Limnea  paliLstru^ 
Cytherea  concentrica^  Lam.),  both  perfectly  converted  into  flint. 

Rome. — The  seven  hills  of  Rome  are  composed  partly  of  marine  ter- 
tiary strata,  those  of  Monte  Mario,  for  example,  of  the  Older  Pliocene 
period,  and  partly  of  superimposed  volcanic  tufl*,  on  the  top  of  which  are 
usually  cappings  of  a  fluviatile  and  lacustrine  deposit.  Thus,  on  Mount 
Aventine,  the  Vatican,  and  the  Capitol,  we  find  beds  of  calcareous  tu& 
with  incrusted  reeds,  and  recent  terrestrial  shells,  at  the  height  of  about 
200  feet  above  the  alluvial  plain  of  the  Tiber.  The  tusk  of  the  mam- 
moth has  been  procured  from  this  formation,  but  the  shells  appear  to  be 
all  of  living  species,  and  must  have  been  imbedded  when  the  summit  of 
the  Capitol  was  a  marsh,  and  constituted  one  of  the  lowest  hollows  of 
the  country  as  it  then  existed.  It  Ls  not  without  interest  that  we  thus 
discover  the  extremely  recent  date  of  a  geological  event  which  preceded 
an  historical  era  so  remote  as  the  building  of  Rome. 


MIOCENE    FORMATIONS. 

Faluns  of  Touraine, — The  Miocene  strata,  corresponding  with  those 
named  by  many  geologists  "  Middle  Tertiary,"  will  next  claim  our  atten- 
tion. Near  the  towns  of  Dinan  and  Rennes,  in  Brittany,  and  again  in 
the  provinces  bordering  the  Loire,  a  tertiary  formation,  containing  another 
assemblage  of  fossils,  is  met  with,  to  which  the  name  of  Faluns  has  been 
long  given  by  the  French  agriculturists,  who  spread  the  shelly  sand  and 
marl  over  the  land,  in  the  same  manner  as  the  crag  was  formerly  much 
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in  Suffolk.  Isolated  masses  of  these  faluns  occur  from  near  the 
HMmth  of  the  Loire,  near  Nantes,  as  far  as  a  district  south  of  Tours. 
They  are  also  found  at  Pontlevoy,  on  the  Cher,  about  VO  miles  above 
the  junction  of  that  river  with  the  Loire,  and  30  miles  S.  E.  of  Tours. 
I  have  visited  all  the  localities  above  mentioned,  and  found  the  beds  to 
consist  principally  of  sand  and  marl,  in  which  are  shells  and  corals,  some 
entire,  some  rolleil,  and  others  in  minute  fragments.  In  certain  districts, 
as  at  Doue,  in  the  department  of  Maine  and  Loire,  10  miles  S.  W.  of 
Saumur,  they  form  a  soft  building-stone,  chiefly  composed  of  an  aggre- 
gate of  broken  shells,  corals,  and  echinoderms,  united  by  a  calcareous 
cement ;  the  whole  mass  being  very  like  the  coralline  crag  near  Aid- 
borough  and  Sudbourn  in  Suffolk.  The  scattered  patches  of  faluns  are 
of  slight  thickness,  rarely  exceeding  50  feet ;  and  between  the  district 
called  Sologne  and  the  sea  they  repose  on  a  great  variety  of  older  rocks ; 
being  seen  to  rest  successively  upon  gneiss,  clayslate,  and  various  second- 
ary formations,  including  the  chalk ;  and,  lastly,  upon  the  upper  fresh- 
water limestone  of  the  Parisian  tertiary  series,  which,  as  before  men- 
tioned (p.  106),  stretches  continuously  from  the  basin  of  the  Seine  to 
that  of  the  Loire. 

At  some  points,  as  at  Louans,  south  of  Tours,  tlie  shells  are  stained  of 
a  ferruginous  color,  not  unlike  that  of  the  red  crag  of  Suffolk.  The 
species  are,  for  the  most  part,  marine,  but  a  few  of  them  belong  to  land 
and  tiuviatile  genera.  Among  the  former,  Helix  turonensis  (fig.  45,  p. 
30)  is  the  most  abundant.  Remains  of  terrestrial  quadnipcds  are  here 
and  there  intermixed,  belonging  to  the  genera  Deinotherium,  Mastodon, 
Rhinoceros,  IIippoiK)tamus,  Charopotamus,  Dichobune,  Deer,  and  others, 
and  these  are  accompanied  by  cetacea,  such  as  the  Lamantine,  Morse, 
Sea-calf,  and  Dolphin,  all  of  extinct  species. 

Professor  E.  Forbes,  after  studying  the  fossil  testacea  which  I  obtained 
ift>m  these  beds,  informs  me  that  he  has  no  doubt  they  were  formed 
partly  on  the  shore  itself  at  the  level  of  low  water,  and  partly  at  very 
moderate  depths,  not  exceeding  10  fathoms  below  that  level.  Tlie  mol- 
luscous fauna  of  the  "  faluns"  is  on  the  whole  much  more  littoral  than 
that  of  the  red  and  coralline  crag  of  Suffolk,  and  implies  a  shallower  sea. 
It  is,  moreover,  contrasted  with  the  Suffolk  crag  by  the  indications  it 
affords  of  an  extra-European  climate.  Thus  it  contains  seven  species  of 
Cypran,,  some  larger  than  any  existing  cowry  of  the  Mediterranean,  sev- 
eral species  of  Oliva^  Ancillaria,  Mitra,  Terebra,  Pyrula,,  Fmciolaria, 
and  Conus,  Of  the  cones  there  are  no  less  than  eight  species,  some  very 
large,  whereas  the  only  European  cone  is  of  diminutive  size.  The  genus 
JVmte,  and  many  othere,  are  also  represented  by  individuals  of  a  tjrpe 
now  characteristic  of  equatorial  seas,  and  wholly  unlike  any  Mediter- 
ranean forms.  These  proofs  of  a  more  elevated  temperature  seem  to 
imply  the  higher  antiquity  of  the  faluns  as  compared  with  the  Suffolk 
crag,  and  are  in  perfect  accordance  with  the  fact  of  the  smaller  propor- 
tion of  testacea  of  recent  species  found  in  the  faluns. 

Out   of  290    species  of  shells  collected  by   myself,  in    1840,  at 
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Pontlevoy,  Louans,  Boss6e,  and  other  villages  20  miles  south  of  Toun; 
and  at  Savigni^,  about  15  miles  northwest  of  that  place;  72  only  could 
be  identified  with  recent  species,  which  is  in  the  proportion  of  25  per 
cent.  A  large  number  of  the  290  species  are  common  to  all  the  local- 
ities, those  peculiar  to  each  not  being  more  numerous  than  we  might 
expect  to  find  in  difl«rent  bays  of  the  same  sea. 

The  total  number  of  mollusca  from  the  faluns,  in  my  possession,  ii 
302,  of  which  45  only  were  found  by  Mr.  Wood  to  be  common  to  the 
Suffolk  crag.  The  number  of  corals  obtained  by  me  at  Doue,  and 
other  localities  before  adverted  to,  amounts  to  43,  as  determined  by 
Mr.  Lonsdale,  of  which  seven  agree  specifically  with  those  of  the  Sufi^k 
crag.  Only  one  has,  as  yet,  been  identified  with  a  living  species.  But 
it  is  difficult,  if  not  impossible,  to  institute  at  present  a  satisfactory 
comparison  between  fossil  and  recent  Polyparia,  from  the  deficiency  of 
our  knowle<lge  of  the  living  species.  Some  of  the  genera  occurring  fossil 
in  Touraine,  as  the  Astrea^  Lunulites,  and  JDendrophyllia,  have  not 
been  found  in  European  seas  north  of  the  Mediterranean ;  nevertheless 
the  Polyparia  of  the  faluns  do  not  seem  to  indicate  on  the  whole  so 
warm  a  climate  as  would  be  inferred  from  the  shells. 

It  was  stated  that,  on  comparing  about  300  species  of  Touraine 
shells  with  about  450  from  the  Suftblk  crag,  45  only  were  found  to  be 
ox)mmon  to  both,  which  is  in  the  proportion  of  only  15  per  cent.  The 
same  small  amount  of  agreement  is  found  in  the  corals  also.  I  formerly 
endeavored  to  reconcile  this  marked  difference  in  species  with  tlie  sup- 
posed coexistence  of  the  two  faunas,  by  imagining  them  to  have 
severally  belonged  to  distinct  zoological  provinces  or  two  seas,  the  one 
opening  to  the  north,  and  the  other  to  the  south,  with  a  barrier  of 
land  between  them,  like  the  Isthmus  of  Suez,  separating  the  Ked  Sea 
and  the  Mediterranean.  But  I  now  abandon  that  idea  for  several 
reasons;  among  others,  because  I  succeeded  m  1841  in  tracing  the  Crag 
fauna  southwards  in  Normandy  to  within  70  miles  of  the  Falunian 
type,  near  Dinan,  yet  found  that  both  assemblages  of  fossils  retained 
their  distinctive  characters,  showing  no  signs  of  any  blending  of  species 
or  transition  of  climate. 

On  a  comparison  of  280  Mediterranean  shells  with  600  Briti^ 
species,  made  for  me  by  an  experienced  conchologist  in  1841,  160  were 
found  to  be  common  to  both  collections,  which  is  in  the  proportion 
of  57  per  cent.,  a  fourfold  greater  specific  resemblance  than  between  the 
seas  of  the  crag  and  the  faluns,  notwithstanding  the  greater  geogra- 
phical distance  between  England  and  the  Mediterranean  than  between 
Suffolk  and  the  Loire.  The  principal  grounds,  however,  for  referring 
the  English  crag  to  the  older  Pliocene  and  the  French  faluns  to  the 
Miocene  epochs,  consist  in  the  predominance  of  fossil  shells  in  the 
British  strata  identifiable  with  species,  not  only  still  living,  but  whidi 
are  now  inhabitants  of  neighboring  seas,  while  tlie  accompanying  ex- 
tinct species  are  of  genera  such  as  characterize  Europe.  In  the  fkluns, 
on  the  contrary,  the  recent  species  are  in  a  decided  minority,  and 
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man  J  of  them,  like  the  associated  extinct  testacea,  are  much  less  Euro- 
pean in  character,  and  point  to  the  prevalence  of  a  warmer  climate, — in 
other  words,  to  a  state  of  things  receding  farther  from  the  present  con- 
dition of  Europe,  geographically  and  climatologically,  and  doubtless, 
therefore,  receding  farther  in  time. 

Baurdeaiix, — A  great  extent  of  country  between  the  Pyrenees  and  the 
Gironde  is  overspread  by  tertiary  deposits,  which  have  been  more  par- 
ticularly studied  in  the  environs  of  Bourdeaux  and  Dax,  from  whence 
aboat  700  species  of  shells  have  been  obtained.  A  large  proportion  of 
these  shells  belong  to  the  same  zoological  type  as  those  of  Touraine ;  but 
many  are  peculiar,  and  the  whole  may  possibly  constitute  a  somewhat 
older  division  of  the  Miocene  period  than  the  faluns  of  the  Loire.  We 
must  wait,  however,  for  farther  investigations,  in  order  to  decide  this 
question  with  accuracy. 

Piedmont. — Many  of  the  shells  peculiar  to  the  hill  of  the  Superga, 
near  Turin,  agree  with  those  found  at  Bourdeaux  and  Dax ;  but  the  pro- 
portion of  recent  species  is  much  less.  The  strata  of  the  Superga  consist 
of  a  bright  green  sand  and  marl,  and  a  conglomerate  with  pebbles,  chiefly 
of  green  serpentine,  and  are  inclined  at  an  angle  of  more  than  V0°.  This 
formation,  which  attains  a  great  thickness  in  the  valley  of  the  Bormida, 
is  probably  one  of  the  oldest  Miocene  groups  hitherto  discovered. 

Ifolasse  of  Switzerland. — If  we  cross  the  Alps,  and  pass  from  Pied- 
mont to  Savoy,  we  find  there,  at  the  northern  base  of  the  great  chain, 
and  throughout  the  lower  country  of  Switzerland,  a  soft  green  sandstone 
much  resembling  some  of  the  beds  of  the  basin  of  the  Bormida,  above 
described,  and  associated  in  a  similar  manner  with  marls  and  conglome- 
rate. This  formation  is  called  in  Switzerland  "  molasse,"  said  to  be  de- 
rived from  "  mol,"  "  «o/if,"  because  the  stone  is  easily  cut  in  the  quarry. 
It  is  of  vast  thickness,  and  probably  divisible  into  several  formations. 
How  large  a  portion  of  these  belong  to  the  Miocene  period  cannot  yet 
be  determined,  as  fossil  shells  are  often  entirely  wanting.  In  some  places 
a  decided  agreement  of  the  fossil  fishes  of  the  molasse  and  faluns  has 
been  observed.  Among  those  common  to  both,  M.  Agassiz  pointed  out 
to  me  Lamna  contortidens,  Myliobates  Studeriy  Spherodus  cinctus, 
ITotidanus  primigenius,  and  others. 

Idsbon, — Marine  tertiary  strata  near  Lisbon  contain  shells  which  agree 
▼cry  closely  with  those  of  Bourdeaux,  and  are  therefore  referred  to  the 
Miocene  era.  Thus,  out  of  1 1 2  species  collected  by  Mr.  Smith  of  Jor- 
danhill,  between  60  and  70  were  found  to  be  common  to  the  strata  of 
Bonrdeaux  and  Dax,  the  recent  species  being  in  the  proportion  of  21  per 
cent. 

Older  Pliocene  and  Miocene  formations  in  the  United  States, — Be- 
tween the  Alleghany  mountains,  formed  of  older  rocks,  and  the  Atlantic, 
there  intervenes,  in  the  United  States,  a  low  region  occupied  principally 
by  beds  of  marl,  clay,  and  sand,  consisting  of  the  cretaceous  and  tertiary 
formations,  and  chiefly  of  the  latter.  The  general  elevation  of  this  plain 
lonlering  the  Atlantic  does  not  exceed  100  feet,  although  it  is  some- 
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times  Beverat  hundred  fe«t  high.  Its  width  in  the  middla  and  southcn 
states  is  very  commonly  from  100  to  150  miles.  It  oonsisU,  in  tbt 
South,  as  in  Georgia,  Alabama,  and  South  Carolina,  almost  excliuivdy 
of  Eocene  deposits;  but  in  North  Carolinii,  Maryland,  Virginia,  and 
Delaware,  more  modem  straU  predominate,  which  I  have  assimilate  in 
age  to  the  Eng-lish  crag  and  Faluns  of  Touraine.*  If,  chnjnologicatt^ 
speaking,  they  can  be  truly  said  to  be  representatives  of  these  two  Enro- 
pean  formations,  they  may  range  in  age  from  the  Older  Pliocene  to  the 
Miocene  epoch,  according  to  the  classification  of  European  strata  adopted 
in  this  chapter. 

The  proportion  of  fossil  shells  agreeing  with  recent,  out  of  HI  specia 
collected  by  me,  amounted  to  about  17  per  cent,  or  one-eixth  of  the 
whole ;  but  as  the  fossils  so  assimilated  were  almost  always  the  same  m 
species  now  living  in  the  neighboring  Atlantic,  the  number  may  hei^ 
after  be  augmented,  when  the  recent  fauna  of  that  ocean  is  better  knows. 
In  different  localities,  also,  the  proportion  of  recent  species  varied  con- 
siderably. 

On  the  banks  of  the  James  River,  in  Virginia,  about  20  miles  below 
Richmond,  in  a  cliff  about  30  feet  high,  I  observed  yellow  and  white 
sands  overlying  an  Ebcene  marl,  just  as  the  yellow  sands  of  the  crag  lit 
on  the  blue  London  clay  in  Suffolk  and  Essex  in  England.  In  ihe  Vi^ 
ginian  sands,  we  lind  a  profusion  of  an  Astarte  {A.  undulata,  C-onnid), 
which  resembles  closely,  and  may  possibly  be  a  rariety  of,  one  of  ttM 
commonest  fossils  of  the  Suffolk  crag  (A.  bipartita) ;  the  other  shells  alia 
of  the  genera  Nat'tea,  FUmrella,  Artemis,  Lticina,  Chama,  Pectunmltu, 
and  Pecten,  are  analogous  to  shells  both  of  the  English  crag  and  Frendi 
faluDs,  although  the  species  are  almost  all  distinct.  Out  of  14T  of  these 
American  fossils  I  could  only  find  13  species  common  to  Europe,  and 
these  occur  partly  in  the  Suffolk  crag,  and  partly  in  the  faluns  of  Ton- 


Fig,  isi. 


f^ilffur  eanalicuintoi.    Mirjlud.  Funia  quadHemlatiit,  Smj.    Uirjluj. 


raine;  but  it  is  an  important  characteristic  of  tlio  American  group,  that 
it  not  only  contains  many  peculiar  extinct  forms,  such  as  Fasus  quaitri' 

•  ProceediogB  of  the  GeoL  Sot  toL  iv.  pwt  8, 1846,  p.  647. 
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cosiatiiiSy  S*iy  (see  fig.  152),  and  Venus  tridacnoidesy  abundant  in  i))ese 
8ain«'.  formations,  but  also  some  shells  which,  like  Fulgur  carica  of  Say, 
ami  J'\  canaliculatus  (see  fig.  151),  CalyptroBa  costata^  Venus  mercenaria, 
Lauk.,  Modiola  glandala^  Totten,  and  Peclen  magellanicuSj  Lam.,  are 
reL*eut  species,  yet  of  forms  now  confined  to  the  western  side  of  the  Atlan- 
tic, a  fact  implying  that  the  beginning  of  the  present  geographical  dis- 
tribution of  moliusca  dates  back  to  a  period  as  remote  as  that  of  the 
Miocene  strata. 

Of  ten  species  of  zoophytes  which  I  procured  on  the  banks  of  the 
James  Kiver,  two  were  identical  with  species  of  the  Faluns  of  Touraine. 
With  respect  to  climate,  Mr.  Lonsdale  regards  these  corals  as  indicating 
a  temperature  exceeding  that  of  the  Mediterranean,  and  the  shells  would 
lead  to  similar  conclusions.  Those  occurring  on  the  James  River  are  in 
the  37th  d^ee  of  N.  latitude,  while  the  French  faluns  are  in  the  47th; 
yet  the  forms  of  the  American  fossils  would  scarcely  imply  so  warm  a 
climate  as  must  have  prevailed  in  France,  when  the  Miocene  strata  of 
Touraine  originated. 

Among  the  remains  of  fish  in  these  Post-Eocene  strata  of  the  United 
States  are  several  large  teeth  of  the  shark  family,  not  distinguishable 
specifically  from  fossils  of  the  faluns  of  Touraine,  and  the  Maltese  ter- 
tiaries. 

India. — The  freshwater  deposits  of  the  Sub-Himalayan  or  Sewlilik 
Hills,  described  by  Dr.  Falconer  and  Captain  Cautley,  may  perhaps  be 
r^arded  as  Miocene.  Like  tlie  faluns  of  Touraine,  they  contain  the 
Deinotherium  and  Mastodon.  Whether  any  of  the  associated  freshwater 
and  land  shells  are  of  recent  species  is  not  yet  determined.  Tlie  occur- 
rence in  them  of  a  fossil  girafie  and  hippopotamus,  genera  now  only 
living  in  Africa,  as  well  as  of  a  camel,  implies  a  geographical  state  of 
things  very  difierent  from  that  now  established  in  the  same  parts  of  India. 
The  huge  Sivatherium  of  the  same  era  appears  to  have  been  a  ruminating 
quadruped  bigger  than  the  rhinoceros,  and  provided  with  a  large  upper 
lip,  or  probably  a  short  proboscis,  and  having  two  pair  of  horns,  resem- 
bling those  of  antelopes.  Several  species  of  monkey  belonged  to  the 
same  faima ;  and  among  the  reptiles,  several  crocodiles,  larger  than  any 
now  living,  and  an  enormous  tortoise,  Tesiudo  Atlas,  the  curved  shell  of 
which  measured  20  feet  across. 
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CHAPTER  XV. 


UPPER   EOCENE    FORMATIONS. 


Eocene  areaa  in  England  and  France — Tabular  view  of  French  Eocene  strata- 
Upper  Eocene  group  of  the  Paris  basin — Same  beds  in  Belgium  and  at  Berlin— 
Mttyence  tertiary  strata — Freshwater  upper  Eocene  of  Central  France — Series 
of  geographical  changes  since  the  land  emerged  in  Auvergne — ^Mineral  chara^ 
ter  an  uncertain  test  of  age — Marls  containing  Cypris — Oolite  of  Eocene  period 
— Indusial  limestone  and  its  origin — Fossil  mammalia  of  the  upper  Eoceae 
strata  in  Auvergne — Freshwater  strata  of  the  Cantal,  calcareous  and  siliceooi 
— Its  resemblance  to  chalk — Proofs  of  gradual  deposition  of  strata. 

The  tertiary  strata  described  in  the  preceding  chapters  are  all  of  them 
characterized  by  fossil  shells,  of  which  a  considerable  proportion  are  spe- 
cifically identiciil  with  the  living  mollusca ;  and  the  greater  tlie  number, 
tlie  more  nearly  does  tlie  entire  fauna  approach  in  species  and  genera  to 
that  now  inhabiting  the  adjoining  seas.  But  in  the  Eocene  formations 
next  to  be  considered,  the  proportion  of  recent  species  is  very  small,  and 
sometimes  scarcely  appreciable,  and  those  agreeing  with  the  fassil  testa 
cea  often  belong  to  remote  parts  of  the  globe,  and  to  various  zoological 
provinces.  This  difference  in  conchological  character  implies  a  con8ide^ 
able  inter\'al  of  time  between  the  Eocene  and  Miocene  periods,  during 
which  the  whole  fauna  and  flora  underwent  other  changes  as  great,  and 
often  greater,  than  those  exhibited  by  the  mollusca.  In  the  accompany- 
ing map,  the  position  of  several  Eocene  areas  is  pointed  out,  such  as  the 
basin  of  the  Thames,  part  of  Hampshire,  part  of  the  Netherlands,  and 
the  country  round  Paris.    The  deposits,  however,  occupying  these  spaces 

Fig.  IM. 
Map  of  the  principal  tertiary  basins  of  the  Eocene  period. 


nyrmgene  rocks  and  strata 
oUier  than  the  Devonian 
or  Old  Red  series. 


Eocene  formations. 


N.  B.  The  space  left  blank  is  nccnpied  by  secondary  formations  from  the  Deronian  or  old  nd 
Mndstone  to  the  chalk  inclaslvc. 
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eomprise  a  great  suocession  of  marine  and  freshwater  formations,  which, 
although  they  may  all  he  termed  Eocene,  as  heing  newer  than  the  chalk, 
and  older  than  the  &luns,  are  nevertheless  divisible  into  separate  groups 
of  high  geological  importance. 

The  newest  of  these,  like  the  Faluns  of  Uie  Loire,  have  no  true  repre- 
sentatives, or  exact  chronological  equivalents,  in  the  British  Isles.  Their 
place  in  the  series  will  best  be  understood  by  referring  to  the  order 
of  superposition  of  the  successive  deposits  found  in  the  neighborhood  of 
Paris.  The  area  which  has  been  called  the  Paris  basin  is  about  180  miles 
in  its  greatest  length  from  northeast  to  southwest,  and  about  90  miles 
from  east  to  west  This  space  may  be  described  as  a  depression  in 
the  chalk,  which  has  been  filled  up  by  alternating  groups  of  marine 
and  freshwater  strata.  MM.  Cuvier  and  Brongniart  attempted,  in 
1810,  to  distinguish  five  different  formations,  comprismg  three  fresh- 
water and  two  marine,  which  alternated  with  each  other.  It  was 
imagined  that  the  waters  of  the  ocean  had  been  by  turns  admitted 
and  excluded  from  the  same  region ;  but  the  subsequent  investigations 
of  several  geologists,  especially  of  M.  Constant  Prevost,*  have  led  to 
great  modifications  in  these  theoretical  views;  and  now  that  the 
tme  order  of  succession  is  better  understood,  it  appears  that  several 
of  the  deposits,  which  were  supposed  to  have  originated  one  after 
the  other,  were,  in  fact,  in  progress  at  the  same  time  by  tlie  joint  action 
of  the  sea  and  rivers. 

The  whole  series  of  strata  may  be  divided  into  three  groups,  as  ex- 
pressed in  the  following  table : 


1.  Upper  Eocene 


2.  Middle  Eocene  h 


^  a.  Upper  freahwater  limcstoDe,  marls,  and  siliceouB  mill- 

Btone. 
b.  Upper  marine  eands,  or  Fontainebleau  sandstone  and 
sand. 

"a.  Lower  freshwater  limestone  and   marl,  or  gypseous 

series. 
6.  Sandstone  and  sands  with  marine-shells   (Sables  rttoyens^ 

or  grh  de  Beanchamp). 
e.  Calcaire  grossier,  limestone  with  marine  shells. 
dL  Calcaire  siliceux,  hard  siliceous  frei^h water  limestone, 

for  the  most  part  contemporaneous  with  c. 

fa.  Lower  sands  with  marine  shelly  beds  (Sables  infirieurt 
et  IHs  coquilliers). 
b.  Lower  sands,  wiUi  lignite  and  plastic  clay  (Sables  infi- 
rieurs  et  argiUs  plastiques). 

Postponing  to  the  next  chapter  the  consideration  of  the  Middle  and 
Lower  Eocene  groups,  I  shall  now  speak  of  the  Upper  Eocene  of  Paris, 
and  its  foreign  equivalents. 

The  upper  freshwater  marls  and  limestone  (1,  a)  seem  to  have  been 
formed  in  a  great  number  of  marshes  and  shallow  lakes,  such  as  fre- 
quently overspread  the  newest  parts  of  great  deltas.  It  appears  that 
many  layers  of  marl,  tufaceous  limestone,  and  travertin,  with  beds  of  flint, 

*  Bulletin  det  Sd  de  la  Soa  Phaom.  May,  1826,  p.  74 
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continuous  or  in  nodules,  accumulated  in  these  lakes.  ChartR,  aquatie 
Dlants,  already  alluded  to  (see  p.  32),  left  their  stems  and  seed-Teasdi 
imbedded  both  in  the  marl  and  flint,  together  with  freshwater  and 
land  shells.  Some  of  the  siliceous  rocks  of  this  formation  are  used  ex- 
tensively for  millstones.  The  flat  summits  or  platforms  of  the  hills  round 
Paris,  large  areas  in  the  forest  of  Fontainebleau,  and  the  Plateau  de  la 
Beauce,  between  the  Seine  and  the  Loire,  are  chiefly  composed  of  these 
upper  freshwater  strata. 

The  upper  marine  sands  (1  6),  consist  chiefly  of  micaceous  and 
quartzose  sands,  80  feet  thick.  As  they  succeed  throughout  an  exten- 
sive area  deposit  of  a  purely  freshwater  origin  (2  a),  they  appear  to 
mark  a  subsidence  of  the  subjacent  soil,  whether  it  had  formed  the 
bottom  of  an  estuary  or  a  lake.  The  sea,  which  afterwards  took  pos- 
session of  the  same  space,  was  inhabited  by  testacea,  almost  all  of  them 
difiering  from  those  found  in  the  lower  formations  (2  b  and  2  c),  and 
equally  or  still  more  distinct  from  the  Miocene  Faluns  of  subsequent 
date.  One  of  these  upper  Eocene  strata  in  the  neighborhood  of  Paris 
has  been  ciilled  the  oyster  bed,  "couche  k  Ostrea  cyathula,  Lamk.," 
which  is  sj)read  over  a  remarkably  wide  area.  From  the  manner  in 
which  the  oysters  lie,  it  is  inferred  that  they  did  not  grow  on  the  spot, 
but  that  some  current  swept  them  away  from  the  bed  of  oysters  formed 
in  some  other  part  of  the  bay.  The  strata  of  sand  which  immediatdy 
repose  on  the  oyster-bed  are  quite  destitute  of  organic  remains;  and 
nothing  is  more  common  in  the  Paris  basin,  and  in  other  formations, 
than  alternations  of  shelly  beds  with  others  entirely  devoid  of  them. 
The  temporary  extinction  and  renewal  of  animal  life  at  successive  pe- 
riods have  been  rashly  inferred  from  such  phenomena,  which  may 
nevertheless  be  explained,  as  M.  Prevost  justly  remarks,  witliout  ap- 
pealing to  any  such  extraordinary  revolutions  in  the  state  of  the  animate 
creation.  A  current  one  day  scoops  out  a  channel  in  a  bed  of  shelly 
sand  and  mud,  and  the  next  day,  by  a  slight  alteration  of  its  course, 
ceases  to  prey  upon  the  same  bank.  It  may  then  become  charged  with 
sand  unmixed  with  shells,  derived  from  some  dune,  or  brought  down  by 
a  river.  In  the  course  of  ages  an  indefinite  number  of  transitions  from 
shelly  stratfi  to  those  without  shells  may  thus  be  caused. 

Besides  these  oysters,  M.  Deshayes  has  described  29  species  of  shells, 
in  his  work  (Coquilles  fossiles  de  Paris),  as  belonging  to  this  formation, 
all  save  one  regarded  by  him  as  differing  from  fossils  of  the  calcaire 
grossier.  Since  that  time  the  railway  cuttings  near  Etampes  have  en- 
abled M.  Ilebert  to  raise  the  number  to  90.  I  have  myself  collected 
fossils  in  that  district,  where  the  shells  are  very  entire,  and  detachable 
^om  the  yellow  sandy  matrix.  M.  Hebert  first  pointed  out  that  most 
of  them  agree  specifically  with  those  of  Kleyn-Spauwen,  Boom,  and  other 
localities  of  Limburg  in  Flanders,  where  they  have  been  studied  bv 
MM.  Nyst  and  De  Koninck.* 

*  HeberL  BulletiD.  1849,  vol  tL  2d  aeries,  p.  469. 
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The  position  in  Belgium  of  this  fonnation  above  the  older  Eocene 
group  IB  well  seen  in  the  small  hill  of  Pellenberg,  rising  abruptly  from 
tlie  great  plain,  half  a  mile  southeast  of  the  city  of  Louvain,  where  I 
ezftmined  it  in  company  with  M.  Nyst  in  1 850.  At  the  top  of  the  hill, 
a  thin  bed  of  dark  grayish  green  tile-clay  is  seen  1^  foot  thick,  with  casts 
of  Hucula  Deshaysiana,  This  clay  rests  on  12  feet  of  yellow  sand,  sep- 
arated, by  a  band  of  flint  and  quartz  pebbles,  from  a  mass  of  subjacent 
white  sand  15  feet  thick,  in  which  casts  of  the  Kleyn  Spauwcn  fossils 
have  been  met  with.  Under  this  a  bed  of  yellow  sand  12  feet  thick,  and, 
at  a  lower  level,  the  railway  cuttings  have  passed  through  calcareous 
sands  like  those  of  Brussels,  in  which  the  Nautilus  Burtiniy  and  various 
shells  common  to  the  older  Eocene  strata  of  the  neighborhood  of  Lon- 
don, have  been  obtained.  Every  new  fact  which  throws  light  on  the 
true  paleontological  relations  of  the  strata  now  under  consideration  (the 
Upper  Marine  or  Fontainebleau  beds  of  the  Paris  basin,  1  6,  p.  175), 
deserves  more  particular  attention,  because  geologists  of  high  authority 
differ  in  opinion  as  to  whether  they  should  be  classed  as  Eocene  or  Miocene. 

Professor  Bey  rich  has  lately  described  a  formation  of  the  same  age, 
occurring  within  7  miles  of  the  gates  of  Berlin,  near  the  village  of 
Hermsdorf,  where,  in  the  midst  of  tlie  sands  of  which  that  country 
chiefly  consists,  a  mass  of  tile-clay,  more  than  40  feet  thick,  and  of  a  dark 
bluish  gray  color,  is  found,  full  of  shells,  among  which  the  genera  Fwms 
and  Pleurotoma  predominate,  and  among  the  bivalves,  Nucula  Deshay- 
9iana^  Nyst,  an  extremely  common  shell  in  the  Belgian  beds  above- 
mentioned.  M.  Beyrich  has  identified  eighteen  out  of  forty-five  species 
of  the  Hermsdorf  fossils  with  the  Belgian  species ;  and  I  believe  that  a 
much  larger  proportion  agree  with  the  Upper  Eocene  of  Belgium,  France, 
and  the  Khine.  On  the  other  hand,  eight  of  the  forty-five  species  are 
supposed  by  him  to  agree  with  English  Eocene  shells.  Messrs.  Morris, 
Edwards,  and  S.  Wood  have  compared  a  small  collection,  which  I 
obtained  of  these  Berlin  shells,  with  the  Eocene  fossils  of  their  museums, 
and  confirmed  the  result  of  M.  Beyrich,  the  species  common  to  the  Eng- 
lish fossils  belonging  not  simply  to  the  uppennost  of  our  marine  beds, 
or  tliose  of  Barton,  but  some  of  them  to  lower  parts  of  the  series,  such 
as  Bracklesham  and  Ilighgate.  On  the  other  hand,  while  these  testa- 
cea,  like  those  of  Kleyn  Spauwen  and  Etampes,  present  many  analogies 
to  the  Middle  and  Lower  Eocene  group,  they  differ  widely  from  the 
Falun  shells, — a  fact  the  more  important  in  reference  to  Etampes,  as  that 
locality  approaches  within  70  miles  of  Pontlevoy,  near  Blois,  and  within 
100  miles  of  Savign6,  near  Tours,  where  Falun  shells  are  found.  It  is 
evident  that  the  discordance  of  species  cannot  be  attributed  to  distance 
or  geographical  causes,  but  must  be  referred  to  time,  or  the  different 
epoch  at  which  tlie  upper  marine  beds  of  the  Paris  basin  and  the  Faluns 
of  the  Loire  originated. 

Mayence, — The  true  chronological  relation  of  many  tertiary  strata  on 

the  banks  of  the  Khine  has  always  presented  a  problem  of  considerable 

difliculty.     They  occupy  a  tract  from  6  to  12  miles  in  breadth,  extend- 
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ing  along  the  left  bank  of  the  Rhine  from  Majence  to  the  ndgfaboriKMd 
of  Manheim,  and  are  again  found  to  tlie  east,  north,  and  Bouthwest  of 
Frankfort.  In  some  places  they  have  the  appearance  of  a  freshwater 
formation ;  but  in  otliers,  as  at  Alzey,  the  shells  are  for  tlie  meet  part 
marine.  Cerithia  are  in  great  profusion,  which  indicates  that  the  sea 
where  the  deposit  was  formed  was  fed  by  rivers ;  and  the  great  quantity 
of  fossil  land  shells,  chiefly  of  the  genus  Helix,  confirm  the  same  opinioD. 
The  variety  in  the  species  of  shells  is  small,  while  the  individuals  are 
exceedingly  numerous ;  a  fact  which  accords  perfectly  with  the  idea  that 
the  formation  may  have  originated  in  a  gulf  or  sea  which, 
like  tlie  Baltic,  was  brackish  in  some  parts,  and  almost  fresh 
in  others.  A  species  of  Pahidina  (fig.  154),  yery  nearly  re- 
sembling the  recent  Littorina  ulva,  is  found  throughout  this 
basin.  These  shells  are  like  grains  of  rice  in  size,  and  are 
often  in  such  quantity  as  to  form  entire  beds  of  marl  and  PaUuiua. 
limestone.  They  are  as  thick  as  grains  of  sand,  in  stratified  M*y««* 
masses  from  15  to  30  feet  in  thickness. 

That  these  Rhenish  tertiary  formations  agree  more  nearly  with  the 
Upper  Eocene  deposits  above  enumerated,  than  with  any  others,  I  have 
no  doubt,  since  I  had  the  advantage  of  comparing  (Augfust,  1850),  with 
the  assistance  of  M.  de  Koninck  of  Li6ge,  the  fossils  from  Kleyn  Spauwen, 
Boom,  and  other  Liraburg  localities,  with  those  from  Mayence,  Alzey, 
Weinheim,  and  other  Rhenish  strata.  Among  the  common  Belgian  and 
Rhenish  shells  which  are  identical,  I  may  mention  Cassidaria  depresML, 
Tritonium  Jlandricum  De  Koninck,  Cerithium  tricinctum  Nyst,  Toma- 
tella  Simula ta,  Mostellaria  Sowerhyi,  Nucula  Deshaysiana,  Corbula 
pi^um^  and  Pectunculus  terebratulari^. 

From  these  Upper  Eocene  deposits  of  tlie  Rhine  M.  II.  von  Meyer  has 
■obtained  a  great  number  of  characteristic  fossil  mammalia,  such  as  Pa- 
tceomcenjx  niedius,  Hyotherium  Meissneri,  Tapirus  Jlelveticus,  AntAra- 
cotherium  Alsaticum,  and  others.  The  three  first  of  these  are  species 
.  common  to  some  of  the  lignite,  or  brown  coal  beils  in  Switzerland,  com- 
monly classed  with  the  molasse,  but  of  which  the  true  age  has  not  yet 
ibeen  distinctly  made  out. 

The  fossils  of  the  sandy  beds  of  Eppelsheim,  comprising  bones  of  the 
Deinotherium,  Mastodon,  and  other  quadrupeds,  are  regarded  by  H.  von 
Meyer  as  belonging  to  a  mammiferous  fauna  quite  distinct  from  that  of 
•the  Mayence  basin,  and  they  are  probably  referable  to  the  Miocene  period. 

The  upper  freshwater  strata  (1  a,  p.  175),  of  the  neighborhood  of 
Paris,  stretch  southwards  from  the  valley  of  the  Seine  to  that  of  the 
Loire,  and  in  the  last-mentioned  region  are  seen  to  be  older  than  the 
marine  falnns,  so  that  the  perforating  shells  of  the  Miocene  aea  have 
sometimes  bored  the  hard  compact  freshwater  limestones;  and  fragments 
of  the  Upper  Eocene  rocks  are  found  at  Pontlevoy  and  elsewhere,  which 
have  been  rolled  in  the  bed  of  the  Miocene  sea. 

Central  France, — Lacustrine  strata  belonging,  for  the  most  part,  to 
the  same  Upper  Eocene  «erie8,  are  again  met  with  in  Auvergne,  GantaL 
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mm!  Veky,  the  titeB  of  which  may  be  seen  in  the  annexed  map.    They 
tppemr  to  be  the  monuments  of  ancient  lakes,  which,  like  some  of  thoM 


now  exuting  in  Smtzerl&nd,  once  occupied  the  deprearioiu  in  4  mountain* 
ODB  region,  and  hare  been  each  fed  by  one  or  mora  men  and  torrenta. 
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The  country  where  they  occur  is  almost  entirely  oompoeed  of  granite 
and  different  varieties  of  granitic  schist,  with  here  and  there  a  few 
patches  of  secondary  strata,  much  dislocated,  and  which  have  probably 
suffered  great  denudation.  There  are  also  some  vast  piles  of  volcanic 
matter  (see  the  map),  the  greater  part  of  which  is  newer  than  the  fresh- 
water strata,  and  is  sometimes  seen  to  rest  uj>on  tliem,  w^hile  a  small  part 
has  evidently  been  of  contemporaneous  origin.  Of  these  igneous  rocb 
I  shall  treat  more  particularly  in  another  part  of  this  work. 

Before  entering  upon  any  details,  I  may  observe,  that  the  study  if 
these  regions  possesses  a  peculiar  interest,  very  distinct  in  kind  from  that 
derivable  from  the  investigation  either  of  the  Parisian  or  English  te^ 
tiary  strata.     For  we  are  presented  in  Auvergne  with  the  evidence  of  a 
series  of  events  of  astonishing  magnitude  and  grandeur,  by  which  the 
original  form  and  features  of  the  country  have  been  greatly  changed, 
yet  never  so  far  obliterated  but  that  they  may  still,  in  part  at  least,  be 
restored  in  imagination.     Great  lakes  have  disappeared, — lofty  moun- 
tains have  been  formed,  by  the  reiterated  emission  of  lava,  preceded  and 
followed  by  showers  of  sand  and  scoria?, — deep  valleys  have  been  sub- 
sequently furrowed  out  through  masses  of  lacustrine  and  volcanic  origin, 
— at  a  still  later  date,  new  cones  have  been  thrown  up  in  these  valleys, — 
new  lakes  have  been  formed  by  the  damming  up  of  rivers, — and  more 
than  one  creation  of  quadrupeds,  birds,  and  plant.s.  Eocene,  Miocene,  and 
Pliocene,  have  followed  in  succession  ;  yet  the  region  has  preserved  from 
first  to  hist  its  geographical  identity;  and  we  can  still  recall  to  our 
thoughts   its   external    condition  and  physical   structure   before   these 
wonderful  vicissitudes  began,  or  while  a  part  only  of  the  whole  had 
been  completed.     There  was  first  a  period  when  the  spacious  lakes,  of 
which  we  still  may  trace  the  boundaries,  lay  at  the  foot  of  mountains  of 
moderate  elevation,  unbroken  by  the  bold  peaks  and  precipices  of  Mont 
Dor,  and  unadorned  by  the  picturesque  outline  of  the  Puy  de  Dome,  or 
of  the  volcanic  cones  and  craters  now  covering  the  granitic  platform. 
During  this  earlier  scene  of  repose  deltas  were  slowly  formed  ;  beds  of 
marl  and  sand,  several  hundred  feet  thick,  deposited  ;  siliceous  and  cal- 
careous rocks  procipitiited  from  the  waters  of  mineral  springs  ;  shells  and 
insects  imbedded,  together  with  the  remains  of  the  crocodile  and  tor- 
toise, the  eggs  and  bones  of  water  birds,  and  the  skeletons  of  quadru- 
peds, some  of  them  belonging  to  the  same  genera  as  those  entombed  in 
the  Eocene  gypsum  of  Paris.     To  this  tranquil  condition  of  the  surface 
succeeded  the  era  of  volcanic  eruptions,  when  the  lakes  were  drained, 
and  when  the  fertility  of  the  mountainous  district  was  probably  enhanced 
by  the  igneous  matter  ejected  from  below,  and  poured  down  upon  the 
more  sterile  granite.     During  these  eruptions,  which  appear  to  have 
taken  place  aft^r  tlie  disappearance  of  the  Eocene  fauna,  and  in  the  Mi- 
ocene epoch,  the  mastodon,  rhinoceros,  elephant,  tapir,  hippopotamus, 
together  with  the  ox,  various  kinds  of  deer,  the  bear,  hyaena,  and  many 
beasts  of  prey,  ranged  the  forest,  or  pastured  on  the  plain,  and  were 
oocaaionally  overtaken  by  a  fidl  of  burning  dnden,  or  buried  in  flowa  of 
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nmd,  such  as  accompany  volcanic  eruptions.  Lastly,  these  quadrupeds 
became  extinct,  and  gave  place  to  Pliocene  mammalia,  and  these  in  their 
turn,  to  species  now  existing.  There  are  no  signs,  during  tlie  >vhole  time 
required  for  this  series  of  events,  of  the  sea  having  intervened,  nor  of 
hMkj  denudation  which  may  not  have  heen  accomplished  by  currents  in 
the  dift'erent  lakes,  or  by  rivers  and  floi^ds  accompanying  repeated  earth- 
quakes, during  which  the  levels  of  the  district  have  in  some  places  l-een 
materially  modified,  and  perhaps  the  whole  upraised  relatively  to  the 
surrounding  parts  of  France. 

Auvergne, — The  most  northern  of  the  freshwater  groups  is  situated 
in  tlie  valley-plain  of  the  Allier,  which  lies  within  the  department  of  the 
Puy  de  Dome,  being  the  tract  which  went  formerly  by  the  name  of  the 
limagne  d'Auvergne.  It  is  inclosed  by  two  parallel  mountain  ranges, — 
that  of  the  Forez,  which  divides  the  waters  of  the  Loire  and  Allier,  on 
the  east ;  and  that  of  the  Monts  Domes,  which  separates  the  Allier  from 
the  Sioule,  on  the  west.*  The  average  breadth  of  this  tract  is  al>out  20 
miles ;  and  it  is  for  the  most  part  composed  of  nearly  horizontal  strata  of 
sand,  sandstone,  calciireous  marl,  clay,  and  limestone,  none  of  which  ob- 
serve a  fixed  and  invariable  order  of  superposition.  The  ancient  borders 
of  the  lake,  wherein  the  freshwater  strata  were  accumulated,  may  gen- 
erally be  traced  witli  precision,  the  granite  and  other  ancient  rocks  rising 
up  boldly  from  the  level  country.  The  actual  junction,  however,  of  the 
lacustrine  and  granitic  beds  is  rarely  seen,  2us  a  small  valley  usually  in- 
tervenes between  them.  The  freshwater  strata  may  sometimes  be  seen 
to  retain  their  horizontality  within  a  very  slight  distance  of  the  border- 
rocks,  while  in  some  places  they  are  inclined,  and  in  few  instances  ver- 
tical. The  principal  divisions  into  which  the  lacustrine  series  may  be 
separated  are  the  following; — 1st,  Sandstone,  grit,  and  conglomerate, 
including  red  marl  and  red  sandstone.  2dly,  Green  and  white  foliated 
marls.  3dly,  Limestone  or  travertin,  often  oolitic.  4thly,  Gypseous 
marls. 

1.  a.  Sandstone  and  conglomerate, — Strata  of  sand  and  gravel,  some 
times  bound  together  into  a  solid  rock,  are  found  in  great  abundance 
around  the  confines  of  the  lacustrine  basin,  contiiining,  in  difi'erent  places, 
pebbles  of  all  the  ancient  rocks  of  the  a^ljoining  elevated  country; 
namely,  granite,  gneiss,  mica-schist,  clay-slate,  pori)hyry,  and  others. 
But  Uiese  strata  do  not  form  one  continuous  band  around  the  margin  of 
the  basin,  being  rather  disposed  like  the  independent  deltas  which  grow 
.at  the  mouths  of  torrents  along  the  borders  of  existing  lakes. 

At  Chamalieres,  near  Clermont,  we  have  an  example  of  one  of  these 
deltas,  or  littoral  dejwsits,  of  local  extent,  where  the  pebbly  beds  slope 
away  from  the  granite,  as  if  they  had  formed  a  talus  beneath  the  waters 
of  the  lake  near  the  steep  shore.  A  section  of  about  50  feet  in  vertical 
height  has  been  laid  open  by  a  torrent,  and  the  pebbles  are  seen  to  con- 
sist Uiroughout  of  rounded  and  angular  fragments  of  granite,  quartz, 

*  Scrope,  Geology  of  Central  France,  p^  16. 
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primary  slate,  and  red  sandstone ;  but  without  any  intermixture  of  thoie 
volcanic  rocks  which  now  abound  in  the  neighborhood,  and  which  could 
not  have  been  there  when  the  conglomerate  was  formed.  Partial  layen 
of  lignite  and  pieces  of  wood  are  found  in  these  beds. 

At  some  localities  on  the  margin  of  the  basin  quartzose  grits  are 
found ;  and,  where  these  rest  on  granite,  they  are  sometimes  formed  of 
separate  crystals  of  quartz,  mica,  and  felspar,  derived  from  the  disin- 
tegrated granite,  the  crystals  having  been  subsequently  bound  together 
by  a  siliceous  cement  In  these  crises  the  granite  seems  regenerated  in 
A  new  and  more  solid  form ;  and  so  gradual  a  passage  takes  place 
between  the  rock  of  crystalline  and  that  of  mechanical  origin,  that  we 
can  scarcely  distinguish  where  one  ends  and  the  other  begins. 

In  the  hills  called  the  Puy  de  Jussat  and  La  Roche,  we  have  the 
advantage  of  seeing  a  section  continuously  exposed  for  about  700  feet  in 
thickness.  At  the  bottom  are  foliated  marls,  white  and  green,  about  400 
feet  thick ;  and  above,  resting  on  the  marls,  are  the  quartzose  gnts, 
cemented  by  calcareous  matter,  which  is  sometimes  so  abundant  as  to 
form  imbedded  nodules.  These  sometimes  constitute  spheroidal  concre- 
tions 6  feet  in  diameter,  and  pass  into  beds  of  solid  limestone,  resembling 
the  Itiilian  travertins,  or  the  deposits  of  mineral  springs.  This  section 
is  close  to  the  confines  of  the  basin ;  so  that  the  lake  must  here  have 
been  filled  up  near  the  shore  with  fine  mud,  before  the  coarse  superin- 
cumbent sand  was  introduced.  There  are  other  cases  where  sand  is  seen 
below  the  marl. 

1.  6.  Bed  marl  and  sandstone. — But  tlie  most  remarkable  of  the 
arenaceous  groups  is  one  of  red  sandstone  and  red  marl,  which  are  iden- 
tical in  all  their  mineral  characters  with  the  secondary  ^ew  Red  sand- 
stone and  marl  of  England.  In  those  secondary  rocks  the  red  ground  is 
sometimes  variegated  with  light  greenish  spots,  and  the  same  may  be 
seen  in  the  tertiar}'  formation  of  freshwater  origin  at  Coudes,  on  the  Al- 
lien The  marls  are  sometimes  of  a  purplish-red  color,  as  at  Champheix, 
and  are  accompanied  by  a  reddish  limestone,  like  the  well-known  **  corn- 
stone,'*  which  is  ftssociated  with  the  Old  Red  sandstone  of  English  geol- 
ogists. The  red  sandstone  and  marl  of  Auvergne  have  evidently  been 
derived  from  the  degradation  of  gneiss  and  mica-schist,  which  are  seen 
in  situ  on  the  adjoining  hills,  decomposing  into  a  soil  very  similar  to  the 
tertiary  red  sand  and  marl.  We  also  find  pebbles  of  gneiss,  mica-schist, 
and  quartz  in  the  coarser  sandstones  of  this  group,  clearly  pointing  to 
the  parent  rocks  from  which  the  sand  and  marl  are  derived.  The  red 
beds,  although  destitute  themselves  of  organic  remains,  pass  upwards 
into  strata  containing  Eocene  fossils,  and  are  certainly  an  integral  part  of 
the  lacustrine  formation.  From  this  example  the  student  will  learn  how 
small  is  the  value  of  mineral  character  alone,  as  a  test  of  the  relative 
age  of  rocks. 

2.  Green  and  white  foliated  marls, — The  same  primary  rocks  of  Au- 
vergne, which,  by  the  partial  degradation  of  their  harder  parts,  gave  rise 
to  the  quartzose  grits  and  conglomerates  before  mentioned,  would,  by  the 
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raduction  of  the  same  materials  into  powder,  and  by  the  decomposition 
of  their  felspar,  mica,  and  hornblende,  produce  aluminous  clay,  and,  if  a 
sufficient  quantity  of  carbonate  of  lime  was  present,  calcareous  marl. 
This  fine  sediment  would  naturally  be  cairied  out  to  a  greater  disUmce 
from  the  shore,  as  are  the  various  finer  marls  now  deposited  in  Lake 
Superior.  And,  as  in  the  American  lake,  shingle  and  sand  are  annually 
amassed  near  the  northern  shores,  so  in  Auvergne  the  grits  and  con- 
glomerates before  mentioned  were  evidently  formed  near  the  borders. 

The  entire  thickness  of  these  marls  is  unknown  ;  but  it  cerbiinly  ex- 
ceeds, in  some  places,  700  feet.  They  are,  for  the  most  part,  either 
light-green  or  white,  and  usually  calcareous.  They  are  thinly  foliated, 
— a  character  which  frequently  arises  from  the  innumerable  thin  shells, 
or  carapace-valves,  of  that  small  animal  called  Cypris  ;  a  genus  which 
comprises  several  species,  of  which  some  are  recent,  and  may  be  seen 

Fig.  156^ 


CyprU  unifatteiata^  a  living  species  Cyprist  vidua,  a  living  species, 

greatly  magnified.  greatly  magnified.* 

a  Upper  part    h.  Side  view  of  the  same. 

swimming  swiftly  through  the  waters  of  our  stagnant  jkjoIs  and  ditches. 
The  antennae,  at  the  end  of  which  are  fine  pencils  of  hair,  are  the  prin- 
cipal organs  of  motion,  and  are  seen  to  vibrate  with  great  rapidity.  This 
animal  resides  within  two  small  valves,  not  unlike  those  of  a  bivalve 
shell,  and  moults  its  integuments  periodically,  which  the  conch iferous 
mollusks  do  not  This  circumstance  may  partly  explain  the  countless 
myriads  of  the  shells  of  Cypris  which  were  shed  in  the  ancient  lakes  of 
Auvergne,  so  as  to  give  rise  to  divisions  in  the  marl  as  thin  as  paper, 
and  that,  too,  in  stratified  masses  several  hundred  feet  thick.  A  more 
convincing  proof  of  the  tranquillity  and  clearness  of  the  waters,  and  of 
the  slow  and  gradual  process  by  which  the  lake  was  filled  up  with  fine 
mud,  cannot  be  desired.  But  we  may  easily  suppose  that,  while  this 
fine  sediment  was  thrown  down  in  the  deep  and  central  parts  of  the 
basin,  gravel,  sand,  and  rocky  fragments  were  hurried  into  the  lake,  and 
deposited  near  the  shore,  forming  the  group  described  in  the  preceding 
section. 

Not  far  from  Clermont,  Uie  green  marls,  containing  the  Cypris  in 

• 

*  See  Desraarest's  Crustacoa,  plate  6  b. 
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abundance,  approach  to  within  a  few  yards  of  the  granito  which  fonni 
the  borders  of  the  basin.  The  occurrence  of  these  marls  so  near  the 
ancient  margin  may  be  explaiped  by  considering  that,  at  the  bottom  of 
the  ancient  lake,  no  coarse  ingredients  were  deposited  in  spaces  inte^ 
mediate  between  the  points  where  rivers  and  torrents  entered,  but  finer 

Fig.  15a. 


Vortical  strata  of  marl,  at  Champradelle,  near  ClermunL 

A.  Granite.  B.  Space  of  60  feet,  in  which  no  section  b  seen. 

C  Green  marl,  vertical  and  inclined.       D.  White  marl 

mud  only  was  drifted  tliero  by  currents.  The  verticality  of  some  of  the 
beds  in  the  above  section  bears  testimony  to  considerable  local  disturb- 
ance subsequent  to  the  deposition  of  the  marls ;  but  such  inclined  and 
vertical  strata  are  very  rare. 

3.  Limestmie^  travertin,  oolite. — Both  the  preceding  members  of  the 
lacustrine  deposit,  the  marls  and  grits,  pass  occasionally  into  limestone. 
Sometimes  only  concretionary  nodules  abound  in  them ;  but  these,  where 
there  is  an  increase  in  Uie  quantity  of  calcareous  matter,  unite  into  r^- 
ular  beds. 

On  each  side  of  the  basin  of  the  Limagne,  botli  on  the  west  at  Gan- 
nat,  and  on  the  east  at  Vichy,  a  white  oolitic  limestone  is  quarried.  At 
Vichy,  the  oolite  resembles  our  Bath  stone  in  appearance  and  beauty ; 
and,  like  it,  is  soft  when  first  taken  from  the  quarry,  but  soon  hankos 
on  exposure  to  the  air.  At  Gannat,  the  stone  contains  land-shella  and 
bones  of  quadrupeds,  resembling  those  of  the  Paris  gypsum.  At  Chad- 
rat,  in  the  hill  of  La  Serre,  the  limestone  is  pisolitlc,  the  sn^l  spheroids 
combining  both  the  radiated  and  concentric  structure. 

Indimal  limestone, — ^There  is  another  remarkable  form  of  freshwater 
limestone  in  Auvergne,  called  "  indusial,"  from  the  cases,  or  indusia,  of 
caddis-worms  (the  larvje  of  Phryganea) ;  great  heaps  of  which  have 
been  incrusted,  as  they  lay,  by  carbonate  of  lime,  and  formed  into  a  hard 
travertin.  The  rock  is  sometimes  purely  calcareous,  but  there  is  occa- 
sionally an  intermixture  of  siliceous  matter.  Several  beds  of  it  are  fre- 
quently seen,  either  in  continuous  masses,  or  in  concretionary  nodules, 
one  upon  another,  with  layers  of  marl  interpased.  The  annexed  draw- 
ing (fig.  159)  will  show  the  manner  in  which  one  of  these  indusial  beds 
(a)  is  laid  open  at  the  surface,  between  the  marls  (6  &),  near  tlie  base  of 
the  hill  of  Gergovia ;  and  afibrds,  at  the  same  time,  an  example  of  the 
extent  to  which  the  lacustrine  strata,  which  must  once  have  filled  a  hol- 
low, have  been  denuded,  and  shaped  out  into  hills  and  vallejB,  on  the 
site  of  the  ancient  lakea. 


INBUSIAL  LIMBSTONE. 


We  may  often  observe  in  our  ponds  the  Phryjawtt  (or  CftiWice-fly), 
in  its  caterpillar  stjitc,  covereil  will  sni.ili  frcshwiit.T  sli.'lls  which  they 
have  the  power  of  fixing  to  the  onlside  of  their  tubular  Ciises,  in  order, 
probably,  to  give  them  weight  and  strength.  The  individual  figured  in 
the  annexed  cut,  which  belongs  to  a  epecies  very  abundant  in  Englnnd, 
„_  ,„  hns  covered  ita  case  with  sliells  of  a  small 

PlanorbU.  In  llie  srniie  manner  a  large 
species  of  caddis-worm,  wliich  swanned  in  the 
Eocene  lakes  of  Auvergiie,  was  accnstoraed 
to  attach  to  its  dwelling  the  !>liells  of  a  small 
spiral  univalve  of  the  genus  Palwlina.  A 
hundred  of  these  minute  shells  are  some- 
times seen  arranged  around  one  tube,  part  of  the  central  carity  of  which 
is  often  empty,  the  rest  being  filled  up  with  thin  concentric  layers  of 
travertin.  The  cases  have  been  thrown  together  confusedly,  and  often 
lie,  as  in  fig.  101,  at  right  angles  one  to  the  other.     Wlien  we  coDsidei 


b.  r«sll  Paiudtna  mienlBed. 
•  I  believe  that  tiw  British  ipeeimen  here  floured  U  P,  rhembiea.  Lion. 
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that  ten  or  twelve  tubes  are  packed  within  the  compass  of  a  cubic  indi 
and  that  some  single  strata  of  this  limestone  are  6  feet  thick,  and  maj 
be  traced  over  a  considerable  area,  we  may  form  some  idea  of  the  count* 
less  numl>er  of  insects  and  mollusca  which  contributed  tlieir  interments 
and  shells  to  compose  tliis  singularly  constructed  rock.  It  is  unneceasa 
ry  to  suppose  that  the  Phryganece  lived  on  the  spots  where  their  casec 
are  now  found  ;  they  may  have  multiplied  in  the  shallows  near  the 
margin  of  the  lake,  or  in  the  streams  by  which  it  was  fed,  and  their 
cases  may  have  been  drifted  by  a  current  far  into  the  deep  water. 

In  the  summer  of  1837,  when  examining,  in  company  with  Dr.  Beck, 
a  small  lake  near  Co})enhagen,  I  had  an  opportunity  of  witnessing  a 
beautiful  exeinplific<ition  of  the  manner  in  which  the  tubular  cases  <A 
Auvergne  were  probably  accumulated.  This  lake,  called  the  Fuure-Soe, 
occurriug  in  the  interior  of  Seeland,  is  about  twenty  English  miles  in 
circumference,  and  in  some  parts  200  feet  in  depth.  Round  the  shallow 
borders  an  abundant  crop  of  reeds  and  rushes  may  be  observed,  covered 
with  the  indusiaj  of  the  Phryganea  grandU  and  other  species,  to  which 
shells  are  attached.  The  plants  which  support  them  are  the  bullrush. 
Scirpus  lacustrh,  and  common  reed,  Aritndo  phragmitiSy  but  chiefly  the 
former.  In  summer,  especially  in  the  month  of  June,  a  violent  gust  of 
wind  sometimes  causes  a  current  by  which  these  plants  are  torn  up  by 
the  roots,  washed  away,  and  floated  ofl*  in  long  bands,  more  than  a  mile 
in  lengtli,  into  deep  water.  The  Cgpris  swanns  in  the  same  lake ;  and 
calcareous  springs  alone  are  wanting  to  form  extensive  beds  of  indusial 
limestone,  like  those  of  Auvergne. 

4.  Gypseous  marls. — More  than  50  feet  of  thinly  laminated  gypseona 
marls,  exactly  resembling  those  in  the  hill  of  Montmartre,  at  Paris,  are 
worked  for  gypsum  at  St.  Romain,  on  the  right  bank  of  the  AUier.  They 
rest  on  a  series  of  green  cypriferous  marls  which  alternate  with  grit,  the 
united  thickness  of  this  inferior  group  being  seen,  in  a  vertical  section  op 
the  bknks  of  the  river,  to  exceed  250  feet 

General  arrangement,  origin,  and  age  of  the  freshwater  formatioHS 
of  Auvergne. — The  relations  of  the  diflerent  groups  above  described  can- 
not be  learnt  by  the  study  of  any  one  section  ;  and  the  geologist  who 
sets  out  with  the  expectation  of  finding  a  fixed  order  of  succession  may 
perhaps  complain  that  the  different  parts  of  the  basin  give  contradictory 
results.  The  arenaceous  division,  the  marls,  and  the  limestone,  may  all 
be  seen  in  some  places  to  alternate  with  each  other ;  yet  it  can  by  no 
means  be  aftirmed  that  there  is  no  order  of  arrangement.  The  sands, 
sandstone,  and  conglomerate  constitute  in  general  a  littoral  group  ;  the 
foliated  white  and  green  marls,  a  contemporaneous  central  deposit ;  and 
the  limestone  is  for  the  most  part  subordinate  to  the  newer  portions  of 
both.  The  upi>ermost  marls  and  sands  are  more  calcareous  than  the 
lower ;  and  we  never  meet  with  calcareous  rocks  covered  by  a  consider- 
able thickness  of  quartzose  sand  or  green  marl.  From  the  resemblance 
of  tlie  limestones  to  the  Italian  travertins,  we  may  conclude  that  they 
were  derived  from  the  waters  of  mineral  springs, — such  springs  as  eyeo 
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now  exist  in  Auvergne,  and  wbicb  may  be  seen  rising  up  tbrougb  the 
gnuiite,  and  precipitating  travertin.  They  are  sometimes  thermal,  but 
this  character  is  by  no  means  constant 

It  seems  that,  when  the  ancient  lake  of  the  Limagne  first  began  to  be 
filled  witli  sediment,  no  volcanic  action  had  yet  produced  lava  and  scorise 
on  any  part  of  the  surface  of  Auvergne.  No  pebbles,  therefore,  of  lava 
were  transported  into  the  lake, — no  fragments  of  volcanic  rocks  im- 
bedded in  the  conglomerate.  But  at  a  later  period,  when  a  considerable 
thickness  of  sandstone  and  marl  had  accumulated,  eruptions  broke  out, 
and  lava  and  tuff  were  deposited,  at  some  spots,  alternately  with  the 
lacustrine  strata.  It  is  not  improbable  that  cold  and  thermal  springs, 
holding  different  mineral  ingredients  in  solution,  beciime  more  numerous 
during  the  successive  convulsions  attending  this  development  of  volcanic 
agency,  and  thus  deposits  of  carbonate  and  sulphate  of  lime,  silex,  and 
other  minerals  were  produced.  Hence  these  minerals  predominate  in 
the  uppermost  strata.  The  subterranean  movements  may  then  have 
continued,  until  they  altered  tlie  relative  levels  of  the  country,  and  caused 
the  waters  of  the  lakes  to  be  drained  off,  and  the  further  accumulation 
of  regular  freshwater  strata  to  cease. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise  to  anal- 
ogous results  in  any  modern  basin,  such  as  that  of  Lake  Superior,  for 
example,  where  numerous  rivers  and  torrents  are  carrying  down  the 
detritus  of  a  chain  of  mountiiins  into  the  lake.  The  transported  mate- 
rials must  be  arranged  according  to  their  size  and  weight,  the  coarser 
near  the  shore,  the  finer  at  a  greater  distance  from  land ;  but  in  the 
gravelly  and  sandy  beds  of  Lake  Superior  no  pebbles  of  modern  volciinic 
rocks  can  be  included,  since  there  are  none  of  these  at  present  in  the 
district  If  igneous  action  should  break  out  in  that  country,  and  pro- 
duce lavji,  scoriae,  and  thermal  springs,  the  deposition  of  gravel,  sand, 
and  marl  might  still  continue  as  before ;  but,  in  addition,  there  would 
then  be  an  intermixture  of  volcanic  gravel  and  tuft',  and  of  rocks  precip- 
itated from  the  waters  of  mineral  springs. 

Although  the  freshwater  strata  of  the  Limagne  approach  generally  to 
a  horizontal  position,  the  proofs  of  local  disturbance  are  sufficiently 
numerous  and  violent  to  allow  us  to  suppose  great  changes  of  level  since 
the  lacustrine  period.  We  are  unable  to  assign  a  northern  barrier  to  tjie 
ancient  lake,  although  we  can  still  trace  its  limits  to  the  east,  west,  and 
south,  where  they  were  formed  of  bold  granite  eminences.  Nor  need 
we  be  surprised  at  our  inability  to  restore  entirely  the  physical  geography 
oi  the  country  after  so  great  a  series  of  volcanic  eruptions ;  for  it  is  by 
no  means  improbable  that  one  part  of  it,  tlie  southern,  for  example,  may 
have  been  moved  upwards  bodily,  while  otliers  remained  at  rest,  or  even 
suffered  a  movement  of  depression. 

W^hether  all  tlie  freshwater  formations  of  the  Limagne  d'Auvergne 
belong  to  one  period  I  cannot  pretend  to  decide,  as  large  masses  both 
of  the  arenaceous  and  marly  groups  are  often  devoid  of  fossils.  Much 
light  has  been  thrown  on  the  mammiferous  fauna  by  tlie  labors  of 


188  EOCENE  STRATA — CANTAL.  [Ok. 

MM.  Bravard  and  Croizet,  and  by  those  of  M.  Pomel.  The  last-mentioned 
naturalist  has  pointed  out  the  specific  distinction  of  all,  or  neariy  all,  tin 
species  of  mammalia,  from  those  of  the  gypseous  series  near  Paiii. 
Nevertheless,  many  of  the  forms  are  analogous  to  those  of  Eocene  quad- 
rupeds. The  Cainotherium,  for  example,  is  not  far  removed  from  the 
Anoplotherium,  and  is,  according  to  Waterhouse,  the  same  as  the  genui 
Microtherium  of  the  Germans.  There  are  two  species  of  man>upial 
animals  allied  to  Didelphys^  a  genus  also  found  in  tlie  Paris  g}'p$um. 
The  Ampkitragulus  elegans  of  Pomel  has  been  identified  with  a  Kheniah 
species  from  Weissenau  near  Mayence,  called  by  Kaup  Dorcatherium 
nanum;  and  other  Auvergne  fossils,  e.  g.,  Microtherium  Rtiiggeri^  and  a 
small  rodent,  Titanomys^  are  specifically  the  same  with  mammalia  of  the 
Mayence  basin. 

Cantal, — A  freshwater  formation,  very  analogous  to  that  of  Auvergne^ 
is  situated  in  the  department  of  Haute  Loire,  near  the  town  of  Le  Puy, 
in  Velay,  and  another  occurs  near  Aurillac,  in  Cantal.  The  leading 
feature  of  the  formation  last  mentioned,  as  distinguished  from  those  <rf 
Auvergne  and  Velay,  is  the  immense  abundance  of  silex  associated  with 
calcareous  marls  and  limestone. 

The  whole  series  may  be  separated  into  two  divisions;  the  Iowa-, 
composed  of  gravel,  sand,  and  clay,  such  as  might  have  been  derived 
from  the  wearing  down  and  decomposition  of  the  granitic  schists  of  the 
surrounding  country  ;  the  upper  system,  consisting  of  siliceous  and  ca^ 
'•areous  marls,  contains  subordinately  gypsum,  silex,  and  limestone. 

The  resemblance  of  the  freshwater  limestone  of  the  Cantal,  and  itB 
accompanying  flint,  to  the  upper  chalk  of  England,  is  very  instructive, 
and  well  calculated  to  j)ut  the  student  upon  his  guard  against  rely- 
ing too  implicitly  on  mineral  character  alone  as  a  safe  criterion  of 
relative  age. 

When  we  approach  Aurillac  from  the  west,  we  pass  over  great  heathy 
plains,  where  the  sterile  mica-schist  is  barely  covered  with  vegetation. 
Near  Ytrac,  and  between  La  Capelle  and  Viscamp,  the  surface  is  strewed 
over  with  loose  broken  flints,  some  of  them  black  in  the  interior,  but 
with  a  white  external  coating ;  others  stained  with  tints  of  yellow  and 
red,  and  in  appearance  precisely  like  the  flint  gravel  of  our  chalk 
districts.  When  heaps  of  this  gravel  have  thus  announced  our  approach 
to  a  new  formation,  we  arrive  at  length  at  the  escarpment  of  the 
lacustrine  beds.  At  the  bottom  of  the  hill  which  rises  before  us,  we  see 
strata  of  clay  and  sand,  resting  on  mica-schist;  and  above,  in  the 
quarries  of  Belbet,  Leybros,  and  Bruel,  a  white  limestone,  in  horizontal 
strata,  the  surface  of  which  has  been  hollowed  out  into  irregular  furrows, 
since  filled  up  with  broken  flint,  marl,  and  dark  vegetable  mound. 
In  these  cavities  we  recognize  an  exact  counterpart  to  those  which  are 
so  numerous  on  the  furrowed  surface  of  our  own  white  chalk.  Ad- 
vancing from  these  quarries  along  a  road  made  of  the  white  limestone, 
which  reflects  as  glaring  a  light  in  the  sun  as  do  our  roads  composed 
of  chalk,  we  reach,  at  length,  in  the  neighborhood  of  Aurillac,  hills  of 
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Mmestone  and  calcareous  marl,  in  horizontal  strata,  separated  in  some 
places  by  regular  layers  of  flint  in  nodules,  the  coating  of  each  nodule 
being  of  an  opaque  white  color,  like  the  exterior  of  the  flinty  nodules  of 
our  chalk. 

It  will  be  remembered  that  the  siliceous  stone  of  Bilin,  called  tripoli^ 
is  a  freshwater  deposit,  and  has  been  shown,  by  Ehrenberg,  to  be  of 
infusorial  origin  (see  p.  24).  What  is  true  of  the  Bohemian  flint  and 
opal,  where  the  beds  attain  a  thickness  of  14  feet,  may  also,  perhaps,  be 
found  to  hold  good  respecting  the  silex  of  Aurillac,  which  may  also 
faaTe  been  immediately  derived  from  the  minute  cases  of  microscopic 
animalcules.  But  even  if  this  conclusion  be  established,  the  abundant 
supply  both  of  siliceous,  calcareous,  and  gypseous  matter,  which  the 
ancient  lakes  of  France  received,  may  have  been  connected  with  the 
subterranean  volcanic  agency  of  which  those  regions  were  so  long  the 
theatre,  and  which  may  have  impregnated  the  springs  witli  mineral 
matter,  even  before  the  great  outbreak  of  lava.  It  is  well  known  that 
the  hot  springs  of  Iceland,  and  many  other  countries,  contain  silex  in 
solution,  and  it  .has  been  lately  aflirmed,  tliat  steam  at  a  high  temperature 
is  capable  of  dissolving  quartzose  rocks  without  the  aid  of  any  alkaline 
or  other  flux.* 

Travellers  not  unfrequently  mention,  in  their  accounts  of  India, 
Australia,  and  otlier  distant  lands,  tliat  they  have  seen  chalk  with  flints, 
which  they  have  assumed  to  be  of  the  same  age  as  the  Cretaceous 
system  of  Europe.  A  hasty  observation  of  the  white  limestone  and  flint 
of  Aurillac  might  convey  the  same  idea ;  but  when  we  turn  from  the 
mineral  aspect  and  composition  to  the  organic  remains,  we  find  in  the 
flints  of  the  Cantal  the  seed-vessels  of  the  freshwater  Chara,  instead  of 
the  marine  zoophytes  so  abundantly  imbedded  in  chalk  flints  ;  and  in  the 
limestone  we  meet  with  shells  of  Limnea^  Planorbis^  and  other  lacustrine 
genera,  instead  of  the  oyster,  terebratula,  and  echinus  of  the  Cretaceous 
period. 

Proofs  of  gradual  deposition, — Some  sections  of  the  foliated  marls  in 
the  valley  of  the  Cer,  near  Aurillac,  attest,  in  the  most  unequivocal 
manner,  the  extreme  slowness  witli  which  the  materials  of  the  lacustrine 
series  were  amassed.  In  the  hill  of  Barrat,  for  example,  we  find  an 
assemblage  of  calcareous  and  siliceous  marls,  in  which,  for  a  depth  of  at 
least  GO  feet,  the  layers  are  so  thin,  that  thirty  are  sometimes  contained 
in  tlie  thickness  of  an  inch ;  and  when  they  are  separated,  we  see  pre- 
served in  every  one  of  them  the  flattened  stems  of  CAoi'CP,  or  other 
plants,  or  sometimes  myriads  of  small  Paludince  and  other  freshwater 
shells.  These  minute  foliations  of  the  marl  resemble  precisely  some  of 
the  recent  laminated  beds  of  the  Scotch  marl  lakes,  and  may  be  com- 
pared to  the  pages  of  a  book,  each  containing  a  history  of  a  certain  period 
of  the  past.  The  different  layers  may  be  grouped  together  in  beds  from 
a  foot  to  a  foot  and  a  half  in  thickness,  which  are  distinguished  by  dif- 

*  See  Proceedings  of  Roy.  Soc  No.  44,  p.  288. 
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forences  of  composition  and  color,  the  tints  being  white,  green,  and 
brown.  Occasionally  there  is  a  parting  layer  of  pure  flint,  or  of  black  ctsh 
bonaceous  vegetable  matter,  about  an  inch  thick,  or  of  white  pulverulent 
marl.  We  find  several  hills  in  the  neighborhood  of  Aurillac  composed  ot 
such  materials,  for  the  height  of  more  than  200  feet  from  their  base,  the 
whole  sometimes  covered  by  rocky  currents  of  trachytic  or  basaltic  lava.* 
Thus  wonderfully  minute  are  the  separate  parts  of  which  some  of  the 
most  massive  geological  monuments  are  made  up !  When  we  desire  to 
classify,  it  is  necessary  to  contemplate  entire  groups  of  strata  in  the 
aggregate ;  but  if  we  wish  to  understand  the  mode  of  their  formation, 
?nd  to  explain  their  origin,  w^e  must  think  only  of  the  minute  sub- 
divisions of  which  each  mass  is  composed.  We  must  bear  in  mind 
how  many  thin  leaf-like  seams  of  matter,  each  containing  the  remains  of 
myriads  of  testacea  and  plants,  frequently  enter  into  the  composition  of 
a  single  stratum,  and  how  vast  a  succession  of  these  strata  unite  to  form 
a  single  group !  We  must  remember,  also,  that  piles  of  volcanic 
matter,  like  the  Plomb  du  Cantal,  which  rises  in  the  immediate  neigh- 
borhood of  Aurillac,  are  themselves  equally  the  result  of  successdve 
accumulation,  consisting  of  reiterated  sheets  of  lava,  showers  of  scoriaDi 
and  ejected  fragments  of  rock. — Lastly,  we  nmst  not  forget  that  con- 
tinents and  mountain-chains,  colossal  as  are  their  dimensions,  are  notliing 
more  than  an  assemblage  of  many  such  igneous  and  aqueous  groups, 
formed  in  succession  during  an  indefinite  lapse  of  ages,  and  superimposed 
upon  each  other. 
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Subdivisions  of  the  Eocene  group  in  the  Paris  bki^in — Gypseous  series — Extinct 
quadrupeds — Impulpc  given  to  geology  by  Cuvier's  osteological  discoveries — 
Shelly  sands  called  sables  moyens — Calcaire  groesier — Miliolitcs — Calcaire 
siliceux — Lower  Eocene  in  France — Lits  coquilliers — Sands  and  plastic  chiy— > 
English  Ekx^ene  strata— Freshwater  and  fluvio-marine  beds — Barton  bed«— 
Bagshot  and  Brocklesham  division — Large  ophidians  and  saurians — Lower 
Eocene  and  London  Clay  proper — Fossil  plants  and  shells — Strata  of  Kyson  in 
Suffolk — Fossil  monkey  and  o])ossum — Mottled  clays  and  sands  below  London 
Clay — Nummulitic  formation  of  Alps  and  Pyrenees — Its  wide  geographical 
extent — ^Eocene  strata  in  the  United  States — Section  at  Claibonie,  AUbama— 
Colossal  cetacean — Orbitoid  limestone — Burr  stone. 

From  what  was  said  in  the  two  preceding  chapters,  it  has  already 
appeared  that  we  have  in  England  no  true  chronological  representative 
of  the  Miocene  faluns  of  the  Loire,  and  none  of  the  Upj)er  Eocene  group 

*  Lyell  and  Murchison,  sur  les  D^p6ts  Lacust.  Tert'f  ries  du  Cantal,  Ac.  Aim. 
des  Sd  Nat  Oct  1829. 
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deacribed  in  the  last  chapter.  But,  when  we  descend  to  the  middle  and 
inferior  divisions  of  the  Eocene  system  of  France,  we  find  that  they  have 
their  equivalents  in  Great  Britain. 

MIDDLE    EOCENE FRANCE. 

OypBeous  series  (2,  a,  Table,  p.  175). — Next  below  tlie  upper  marine 
sands  of  the  neighborhood  of  Paris,  we  find  a  series  of  white  and  green 
marls,  with  subordinate  beds  of  gypsum.  These  are  most  largely  de- 
Teloped  in  the  central  parts  of  the  Paris  basin,  and,  among  otlier  places, 
in  the  hill  of  Montraartre,  where  its  fossils  were  first  studied  by  M.  Cuvier. 

The  gypsum  quarried  there  for  the  manufacture  of  plaster  of  Paris 
occurs  as  a  granular  crystalline  rock,  and,  together  with  the  associated 
marls,  contains  land  and  fiuviatile  shells,  together  with  the  bones  and 
skeletons  of  birds  and  quadrupeds.  Several  land  })lants  are  also  met 
with,  among  which  are  tine  specimens  of  the  fan-palm  or  j)almetto  tribe 
(Flahellaria),  The  remains  also  of  fi-eshwater  fish,  and  of  crocodiles 
and  other  reptiles,  occur  in  the  gypsum.  The  skeletons  of  mammalia 
are  usually  isolated,  often  entire,  the  most  delicate  extremities  being 
preserved ;  as  if  the  carcasvses,  clothed  with  their  flesh  and  skin,  had 
been  floated  down  soon  after  death,  and  while  they  were  still  swoln  by 
tlie  gases  generated  by  their  first  decomposition.  The  few  accompany- 
ing shells  are  of  those  light  kinds  which  frequently  float  on  the  surface 
of  rivers,  together  with  wood. 

M.  Prevost  has  therefore  suggested  that  a  river  may  have  swept  away 
the  bodies  of  animals,  and  the  plants  which  lived  on  its  borders,  or  in 
the  lakes  which  it  traversed,  and  mav  have  carried  them  down  into  the 
centre  of  the  gulf  into  which  flowed  the  waters  impregnated  with  sul- 
phate of  lime.  We  know  that  the  Fiume  Salso  in  Sicily  enters  the  sea 
so  charged  with  various  salts  that  the  thirsty  cattle  refuse  to  drink  of  it 
A  stream  of  sulphureous  water,  jus  white  as  milk,  descends  into  the  sea 
from  the  volcanic  mountain  of  Idienne  on  the  east  of  Java  ;  and  a  great 
l>ody  of  hot  water,  charged  with  sulphuric  acid,  rushed  down  from  the 
game  volcano  on  one  occasion,  and  inundated  a  large  tract  of  countr\', 
destroying,  by  its  noxious  properties,  all  the  vegetaticm.*  In  like  man- 
ner tlie  Pusanibio,  or  "  Vinegar  River,"  of  Colombia,  which  rises  at  the 
ft)ot  of  Purace,  an  extinct  volcano,  7500  feet  above  the  level  of  the  sea, 
is  strongly  impregnated  with  sulphuric  and  muriatic  acids  and  with  oxide 
of  iron.  We  may  easily  suppose  the  waters  of  such  streams  to  have 
properties  noxious  to  marine  animals,  and  in  tliis  manner  the  entire 
absence  of  marine  remains  in  the  ossiferous  gypsum  may  be  explained-! 
.  There  are  no  pebbles  or  coarse  sand  in  the  gypsum ;  a  circumstance 
which  agrees  well  with  the  hypothesis  that  these  beds  were  precipitated 
from  water  holding  sulphate  of  lime  in  solution,  and  floating  the  remains 
of  different  animals. 

*  Leyde  Magaz.  voor  Wetenscli  Konst  en  Lett  partie  v.  cahier  L  p.  71.   Cited 
by  Rozet,  Joum.  de  O^logie,  torn.  I  p.  43. 

f  M.  G.  Prevost,  Submerstons  It^rativea^  ^    Note  23. 
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Id  this  furnintioD  tJic  relics  of  atM>ut  fifly  species  of  quadrnpeck.  ia- 
cluding  tlio  f^cucra  Palcolkrrium,  Aitoplothxrium,  and  others,  hsvc  been 
found,  all  (-xtinct,  uii  J  nearly  four-fihlis  of  tliem  belonging  to  a  dirinoD  of 
tlie  (nvier  Pachij-Uriiiala,  wLich  ia  now  represented  by  only  four  Erii^ 
species ;  nani<'ly,  tliree  tapirs  and  the  dunian  of  the  Cape.  With  Abd 
ft  few  ciiriiivoruus  animals  are  associated,  among  which  are  a  spwiM  of 
fox  and  gciiii<-t.  Of  tlie  Rodtniia,  a  dormouse  and  a  Bqniirel ;  of  4b 
Iniecthi/ra,  a  bat ;  and  of  the  Maraupialia  (an  order  now  conflDsd  to 
America,  Australia,  and  some  contiguous  ialande),  an  opossum,  hsrc 
been  discovered. 

Of  Uiril»,  about  ti.>n  species  Lave  been  ascertained,  th«  skeletoni  of 
some  of  which  are  entire.  None  of  tlieni  are  referable  to  existing  qw- 
ciee.*  The  !<anio  remark  applies  to  the  iiiih,  according  U>  MM.  Ouvia' 
and  Agassiz,  aa  also  to  the  reptiles.  Among  the  last  are  crocodiles  and 
tortoise  of  the  genera  £mi/»  and  Trionix. 

The  tribe  of  land  quadrupeds  must  abundant  in  tins  formation  is  such 
as  now  inhabits  alluvial  plains  and  mamlies,  and  the  banks  of  rivers  and 
lakes,  a  cla^K  niinit  exposed  to  suffer  by  river  inundations.  Whether  tbe 
dispropiriioii  of  carnivorous  animals  cim  be  ascribed  lo  this  cause,  or 
whellier  they  were  comparatively  small  in  number  and  dimensions,  as  ra 
the  indigenous  fauna  of  Australia,  when  first  known  to  Europeans,  is  s 
point  on  which  it  would  be  rash,  perhaps,  to  otter  an  o|HnioD  in  ibit 
present  state  of  our  knowledge. 

The  Palcotiiere,  above  alluded  to,  resembled  the  living  tapir  in  the 
form  of  the  head,  and  in  having  a  short  proboscis,  but  its  molar  teeth 
were  more  like  tliose  of  the  rhinoceros  (see  fig.  163).  Paleolherium 
wM^umwasof  the  sizeofahor8e,3  orifcet  high.  The  auuexed  wood- 
cut, fig.  1C2,  i.s  one  of  the  restorations  which  Cuvier  attempted  of  the 


outline  of  the  Irving  animal,  derived  from  the  study  of  the  entire  skele- 
ton.    When  iho  French  osteologist  declared  in  the  early  part  of  the 
present  century,  that  all  tlie  fossil  quadrupeds  of  the  gypsum  of  Paris 
■  CuTiar,  0«b  FoMk  torn,  iil  p.  tU. 
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y»-  **  were  extinct,  the  annoiiDcement  of  so  sUirtling  a 

fact,  on  such  high  autliority,  created  a  ponerfui 
sensation,  and  from  that  time  »  new  impulse 
was  given  throughout  Europe  to  the  progress  of 
geological  investigation.  Eminent  naturalists, 
it  is  true,  had  long  before  nitiintnined  thitt  tlic 
shells  and  zoophytes,  met  witli  in  many  ancient 
European  rocks,  had  censed  to  be  inhabitants  of 
fr™  llie  earth,  hut  the  majority  even  of  the  educated 
classes  continued  to  believe  that  the  upecies  of 
animals  and  plants  now  contemporary  with  man, 
I  those  which  had  been  called  into  being  when  tlie 
[Janet  itself  wns  created.  It  was  cAsy  to  throw  discredit  upon  the  new 
doctrine  by  asking  whether  corals,  shells,  and  other  creatures  previously 
unknown,  were  not  annually  discovered  1  and  whether  living  forms  cor- 
responding with  the  fossils  might  not  yet  be  dredged  up  from  sea* 
hitherto  unexamined  ?  Bnt  from  the  era  of  the  publication  of  Cuvier's 
Owements  Fossiles,  and  still  more  his  popular  Treatise  culled  "A  Theory 
of  the  Earth,"  sounder  views  began  to  jirevail.  It  was  clearly  deraon- 
sti«ted  that  most  of  the  mammalia  found  in  the  gypsum  of  Montraartre 
differed  even  generically  from  any  now  existing,  and  the  extreme  im- 
probability that  any  of  them,  especially  the  larger  ones,  would  ever  be 
found  surviving  in  continents  yet  unexplored,  was  made  manifest.  More- 
over, the  non-admixture  of  a  single  living  apecies  in  the  midat  of  so  rich 
a  fossil  &una  was  a  striking  proof  that  there  had  existed  a  state  of  the 
earth's  snrface  zoologically  unconnected  with  the  present  order  of  things. 
Grii  de  Beauchamp  (2,  6,  Table,  p.  175). — In  some  parts  of  the  Paris 
basin,  sands  and  marls,  called  the  Gres  de  Deauchamp,  or  Sables  Moyens, 
divide  the  gj'pseous  beds  from  tlie  underlying  Calcaire  grossier.  These 
sands  contain  more  than  300  species  of  marine  shells,  many  of  them 
peculiar,  but  otliers  common  to  tlie  underlying  marine  dciwsit  {No, 
2,,). 

Caleaire  r/rosaifr  (2,  c.  Table,  p.  175). — The  formaljon  called  Calcaire 
grossier  consists  of  a  coarse  limestone,  often  passing  into  sand.  It  con- 
tains the  greater  number  of  the  fossil  shells  which  characterize  the  Paris 
basin.  No  less  than  400  distinct  species  have  been  procured  from  a 
single  spot  near  Grignon,  where  they  are  imbeilded  in  a  calcareous  sand, 
chierty  fomieil  of  comminuted  shells,  in  which,  nevertheless,  individuals 
in  a  perfect  state  of  preservation,  both  of  marine,  terrestrial,  and  fresh- 
water species,  are  mingled  together.  Some  of  tlie  marine  shells  may 
have  lived  on  the  spot ;  but  the  Cyclostoma  and  Limnea  must  have  been 
brought  thither  by  rivers  and  currents,  and  the  quantity  of  triturated 
sheila  implies  considerable  movement  in  the  waters. 

Nothing  is  more  striking  in  this  assemblage  of  fossil  testacea  than  the 
great  proportion  of  species  referable  to  the  genus  OnVAium  (see  fig.  104). 
There  occur  no  less  than  137  species  of  this  genus  in  the  Paris  basin, 
and  almost  all  of  them  in  the  calcaire  grossier.    Now  the  living  Cerithtn 
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inhabit  tbo  sea  near  die  moulbs  of  riven,  where  the  waters 
are  brackish  ;  so  that  tlieir  abundfuice  in  tlie  marine  itrat* 
now  under  consideration  h  in  harmony  with  the  hypotheoi, 
thst  the  Paris  basin  farmed  a  gulf  into  which  several  riven 
flowed,  the  sediment  of  some  of  wliich  gave  rise  to  the  beds 
of  clay  and  lignite  before  mentioned  ;  while  a  distinct  fresh- 
water Umeatone,  called  caicaire  ailicenx,  which  will  presently 
be  described,  was  precipitated  from  the  waters  of  otben  sit- 
uated farther  to  the  south. 

In  some  parts  of  the  caicaire  grossier  round  Paris,  cert»n 
beds  occur  of  a  stone  used  in  building,  and  called  by  the 
French  geologists  "  MilioHte  limestone."  It  is  almost  entirely 
made  up  of  millions  of  microscopic  shells,  of  tlie  uze  of  mi- 
nute grains  of  sand,  which  all  belong  to  the  class  Foraminife-  ''■''"'* 
ra,  figures  of  some  of  these  are  given  in  the  annex»l  woodcut.  As 
this  miliolitic  stone  nerer  occurs  to  the  Faluns,  or  Miocene  strata  of 

XOCENB   PORAMISIFEIU. 
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Brittany  and  Touraine,  it  often  furnishes  the  gwlogist  with  a  useful  cri- 
terion for  distinguishing  the  detached  Eocene  and  Miocene  formations, 
Bcsiktered  over  those  and  other  adjoining  i>rovince8.  The  discovery  of 
the  remiuns  of  Paleotherium  and  other  mammalia  in  some  of  the  upper 
bads  of  the  calcaire  grossier  shows  that  these  land  animals  began  to 
etist  before  the  deposition  of  the  overlying  g}'pseous  series  had  com- 
flMDoed. 

*•  Oaicaire  siliceux, — This  compact  siliceous  limestone  extends  over  a 
iMe  area.  It  resembles  a  precipitate  from  the  waters  of  mineral  springs, 
ibd  is  often  traversed  by  small  empty  sinuous  cavities.  It  is.  fur  the 
JDCst  part,  devoid  of  organic  remains,  but  in  some  places  contains  fresh- 
water and  land  species,  and  never  any  marine  fossils.  The  siliceous 
limestone  and  the  calcaire  grossier  occupy  distinct  parts  of  the  Paris 
basin,  the  one  attaining  its  fullest  development  in  those  places  where  the 
other  is  of  slight  thickness.  They  also  alteniate  with  each  other  towards 
the  centre  of  the  basin,  as  at  Sergy  and  Osny ;  and  there  are  even  points 
where  the  two  rocks  are  so  blended  together  that  portions  of  each  may  be 
seen  in  hand  specimens.  Thus,  in  the  same  bed,  at  Triel,  we  have  the 
compact  freshwater  limestone,  characterized  by  its  Limnece,  mingled  with 
the  coaree  marine  limestone,  with  its  small  multilocular  shells,  or  "  mili- 
olttes,"  dispersed  through  it  in  countless  numbers.  These  microscopic 
testacea  are  also  acc()mpanie<l  by  Cerithm  and  other  shells  of  the  calcaire 
grossier.  It  is  \ory  extraordinary  that  in  this  instance  both  kinds  of 
sediment  must  have  been  thrown  down  together  on  tJie  same  spot,  yet 
each  retains  its  own  peculiar  organic  remains. 

From  these  facts  we  may  conclude,  that  while  to  the  north,  where  the 
bay  was  probably  open  to  the  sea,  a  marine  limestone  was  formed,  another 
deposit  of  freshwater  origin  was  intro^luced  to  the  southward,  or  at  the 
head  of  the  bay  ;  for  it  appears  that  during  the  Eocene  })eriod,  as  now, 
the  oceiin  was  to  the  north,  and  the  continent,  where  the  great  lakes  ex- 
isteil,  to  the  south.  From  that  southern  region  we  may  suppose  a  body 
of  fresh  water  to  have  descended,  charged  with  carbonate  of  lime  and 
silica,  the  water  l)eing  perhaps  in  sufficient  v(»lumc  to  freshen  the  upper 
end  of  the  bay.  The  g}'pseous  series  (2,  a,  Table,  p.  1 75),  l)efore  described, 
was  once  supposed  to  l)e  entirely  subsequent  in  origin  to  the  tw^o  groups, 
called  calcaire  grossier  and  calcaire  siliceux.  ButM.  Prevost  has  pointed 
out  that  in  some  localities  they  alternate  repeatedly  with  both. 

Tlie  gypsum,  with  its  associate<l  marl  and  limestone,  is  in  greatest 
force  towards  the  centre  of  the  bsisin,  where  the  calcaire  grossier  and 
calcaire  siliceux  are  less  frilly  developed.  Hence  M.  Prevost  infers,  that 
while  those  two  principal  deposits  were  gradually  in  progress,  the  one 
towards  tlie  north,  and  the  other  towards  the  south,  a  river  descending 
from  the  east  may  have  brought  down  the  gypseous  and  marly  sedi- 
ment. 

It  must  be  admitted,  as  highly  probable,  that  a  bay  or  narrow  sea, 
180  miles  in  length,  would  receive,  at  more  points  tlian  one,  the  waters 
of  the  adjoiidng  oontinent    At  the  same  time,  we  must  be  prepared  to 
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find  thst  the  iiimultBoeous  deposition  of  two  or  more  b^  of  Btrsbi  id 
one  basin,  some  freshwater  and  others  marine,  must  have  produced  vetj 
complex  results.  But,  in  proportion  as  it  is  more  difficult  in  these  caaeB 
to  discover  any  fixed  order  of  superposition  in  the  assodated  mineral 
masses,  so  also  is  it  more  easy  to  explain  tlie  manner  of  their  ori^u,  and 
to  reconcile  their  relations  to  the  agency  of  known  causes.  Instead  of 
the  successive  irruptions  and  retreats  of  the  sea,  and  changes  in  the 
chemical  nature  of  the  fluid,  and  other  sjjecuJationa  of  the  eariier  geolo- 
gists, we  are  now  simply  called  upon  to  imagine  a  gulf  into  one  extrem- 
ity of  which  tlie  sea  entered,  aod  at  the  other  a  large  river,  while  oth€r 
streams  may  have  flowed  in  at  diflTerent  points,  whereby  an  indefinite 
number  of  alternations  of  marine  and  freshwater  beds  would  be  occa- 
Noned. 


Liu  eoquillUrt  (3,  a.  Table,  p.  \to). — Below  the  calcaire  grosser 
are  extensive  deposits  of  sand,  in  tlie  upper  parts  of  whicli  some  marine 
beds,  called  "lits  coquilliers,"  occur,  in  whicli  M.  d'Archiac  has  dis- 
covered 200  species  of  shells.  Many  of  these  are  peculiar,  but  the 
larger  portion  appear  to  agree  with  s(iecies  of  the  calcaire  grossitr,  so 
that  tlie  line  of  demarcation  usually  adopted  between  tlie  French  Lowa 
and  Middle  Eocene  formations,  seems  not  to  be  very  strungly  drawn. 

Sandt  and  plastic  clay  (3,  b,  Table,  p.  175).— At  the  base  of  the  ter- 
tiary system  in  France  are  extensive  deposits  of  sands,  with  occasional 
beds  of  elay  used  for  pottery,  and  called  "  argile  plastique."  Fossil  oys- 
ters (Otirea  bellovacina)  abound  in  some  places,  and  Jn  othera  there  is  a 
mixture  of  fluviatile  shells,  such  as  Cyreiia  cunei/ormi*  (&g.  187,  p.  204), 
Jfelania  inquinata  (fig.  188),  and  others,  frequently  met  with  in  beds 
occupying  the  same  position  in  tlie  valley  of  the  Thames.  Layers  of 
lignite  also  accompany  the  inferior  clays  and  sands. 

Immediately  upon  the  chalk  at  the  bottom  of  all  tlie  tertiary  strata 
there  is  often  a  conglomerate  or  breccia  of  rolled  and  angular  chalk  flints, 
cemented  by  siliceous  sand.  These  beds  appear  to  be  of  littural  origin, 
and  imply  the  previous  emergence  of  some  portions  of  tlie  chalk,  and 
it&  wafit«  by  denudation. 

The  lower  sandy  beds  of  the  Paris  basin  are  often  called  the  sandi  of 
the  Soissonais,  from  a  district  so  namel  50  milca  N.  E.  of  Paris.  One 
of  the  ahclls  of  the  formation  is  adduced  by  M.  Desbayes  as  an  eiaiafde 
of  Hie  changes  which  certain  species  underwent  in  the  sueeeeaiTe  stagn 
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of  tbeir  existence.  It  aeeiiM  that  different  varieties  of  the  Cardium 
poruloMtm  are  characteristic  of  different  formations.  In  the  Lower 
Eocene  of  tbe  Soissonaia  this  shell  acquires  but  a  small  volume,  and  has 
many  peculiarities,  nliich  diauppear  in  the  lowest  beds  of  the  calcnire 
grosrier.  In  these  the  shell  attains  its  full  size,  and  many  distinctive 
characters,  which  are  agsin  modiSed  in  the  uppermost  beds  of  the  cal- 
caire  grossier ;  and  these  last  modilicaUons  of  fonn  are  preserved  througb- 
ont  the  whole  of  the  "upper  marine"  (or  Upper  Eocene)  series.* 


The  Eocene  areas  of  Hampshire  and  London  are  delineated  in  the 
map  (fig.  153,  p.  174). 

The  following  table  will  show  the  succession  of  the  principal  deposits 
found  in  our  island.  The  true  place  of  the  Bagshot  sands,  in  this  series, 
was  never  accurately  asccrtJiineil  till  Mr.  Prestwich  published,  in  1847, 
his  classilicalion  of  the  English  Eocene  strata,  dividing  them  into  three 
principal  formations,  in  which  the  Bagsbot  sands  occupied  tlie  central 

pi>«.t 

1.  Upper  EoceDe.         Wanting  in  Great  Britain. 

fa.  FreshwHter  and  fluviv-  Hesdon  Hill,  Isle  ol  Wight ;  end 

mnrine  beds.  Hordwell  ClifF,  Usnie. 

3.  Middle  Eocene.    '  b.  Bsrlnn  beda.  Bnrlnn  Cliff.  Hanle. 

c.  Bogehot  and  Brackle-  Bag.-liot  Hentli,  Surrey ;  Brack- 

•huiusAndsandclaj'e.  lesliara  Bsy.  Suwei. 

a.  London   Clay   Proper,  Highgate  Hill.  Middlese*;  I.  of 

1   T  — ™  D^.......                 "nd  Bomor  bed*.  Bhuppey  ;  Bo«nor,  Suuei. 

i.  I^wer  Eocene.     -  ^  Mottled    and    Plastic  Newhaven.    Sneeei ;    Reading, 

clays  and  aanilt.  Berks ;  Woolwich,  Keat. 

Frtthmater  hedt  (2,  a.  Table,  p.  175). — In  the  northern  part  of  the 
Isle  of  Wight,  beds  of  marl,  clay,  and  sand,  and  a  friable  limestone, 
r^  iTO.  containing  freshwater  shells,  are  seen,  contain- 

ing shells  of  the  genera  Lymnea  (see  fig.  170), 
Planorbis,  Melanopsis,  Cyrma,  &c.,  several  of 
them  of  the  same  species  as  those  occurring 
in  the  Eocene  beds  of  the  Paris  basin.  Gy- 
rogonites,  also,  or  seed-vessels  of  Cham,  ex- 
hibiting a  similar  specific  identity,  occur.  At 
Headon  Ilill,  on  the  western  si<le  of  the  island, 
where  these  beds  are  seen  in  the  sea^iliffi, 
some  of  the  strata  contain  a  few  marine 
and  estuary  shells,  such  as  Cythenxa^  Cor- 
bula,  Act  showing  a  temporary  occupation 
of  the  area  by  brackish  or  salt  water,  aft^r 
which  the  river  or  a  lake  seems  again  to  have 


rndmur  Eohi»  sbi ' 
Ue  or  Wight 


*  CoqaiUea  caract^risL  dea  Terraina,  ISSl. 
t  Qoartwly  QeoL  Joomal,  voL  in.  p  SGS. 
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prevailed.  A  species  of  fan-palm,  FlahellaHa  Lamanonis,  Brong^  like 
one  which  characterizes  the  Parisian  Eocene  beds,  has  been  recently 
detected  by  Dr.  Mantell  in  this  formation,  in  Whitecliff  Bay,  at  the 
eastern  end  of  the  island. 

Several  of  the  species  of  extinct  quadrupeds  already  alluded  to  as 
characterizing  the  gypsum  of  Montmartre  have  been  discovered  by  Messrs. 
Pratt  and  Fox,  in  the  Isle  of  Wight,  chiefly  at  Binstead,  near  Ryde,  as 
Palceotherium  magnum^  P,  medium^  P,  minus^  P.  minimum^  P.  curium, 
P,  crassuTHj  also  Anoplotheriam  commune^  A.  secundarium,  Dickobune 
cervinum,  and  Chceropotamus  Cuvieri,  In  Hordwell  cliflT,  also  on  the 
Ilampshire  coast,  several  of  these  species,  with  other  quadrupeds  of  new 
genera,  such  as  Paloplotherium^  Owen,  have  been  met  with ;  and  re- 
mains of  a  remarkable  carnivorous  genus,  Hyamodon,  These  fossils  are 
accompanied  by  the  bones  of  Trionyx^  and  other  tortoises,  and  by  two 
land  snakes  of  the  genus  Paleryx^  Owen,  from  3  to  4  feet  long,  also  a 
species  of  crocodile,  and  an  alligator.  Among  other  fossils  collected  by 
Lady  Hastings,  Sir  Philip  Egerton  has  recognized  the  well-known  gar 
or  bony  pike  of  the  American  rivers,  a  ganoid  fish  of  the  genus  Lepi- 
dolus,  with  its  hard  shining  scales.  The  shells  of  Hordwell  are  similar 
to  those  of  the  freshwater  beds  of  the  Isle  of  Wight,  and  among  tliem 
are  a  few  specifically  undistinguishable  from  recent  testacea,  as  PcUudina 
lenta  and  Helix  lahyrinthica,  the  latter  discovered  by  Mr.  S.  Wood,  and 
identified  with  an  existing  N.  American  helix. 

The  white  and  green  marls  of  this  freshwater  series  in  Hampshire,  and 
some  of  the  accompanying  limestones,  often  resemble  those  of  France  in 
mineral  character  and  color  in  so  striking  a  manner,  as  to  suggest  the 
idea  that  the  sediment  was  derived  from  the  same  region,  or  produced 
contemporaneously  under  very  similar  geographical  circumstances. 

Barton  beds, — Both  in  the  cliflfs  of  Headon  Hill  and  Hordwell,  already 
mentioned,  the  freshwater  series  rests  on  a  mass  of  pure  white  sand  with- 
out fassils,  and  this  is  seen  in  Barton  Cliff  to  overlie  a  marine  deposit, 
ji  which  209  species  of  testacea  have  been  found.  More  than  half  of 
these  are  peculiar ;  and,  according  to  Mr.  Prestwich,  only  11  of  them 
common  to  the  London  Clay  proper,  being  in  the  proportion  of  only  5 
per  cent.  On  the  other  hand,  70  of  them  agree  with  the  calcaire  proi- 
sier  sh*ells.  As  this  is  the  newest  purely  marine  bed  of  the  Eocene  series 
known  in  England,  we  might  have  expected  that  some  of  its  peculiar 
fossils  would  be  found  to  agree  with  the  upper  Eocene  strata  described 
in  the  last  chapter,  and  accordingly  some  identifications  have  been  cited 
with  testacea,  both  of  the  Berlin  and  Belgian  strata.  It  is  nearly  a  cen- 
tury since  Brander  published,  in  1766,  an  account  of  the  organic  remains 
collected  from  these  cliffs,  and  his  excellent  figures  of  tlie  shells  then 
deposited  in  the  British  Museum  are  justly  admired  by  conchologists  for 
their  accuracy. 

Bagshot  sands  (2,  c.  Table,  p.  197). — These  beds,  consisting  chiefly 
of  siliceous  sand,  occupy  extensive  tracts  round  Bagshot,  in  Surrey,  and 
In  the  New  Forest,  Hampshire.    They  succeed  next  in  chronological 
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oticr,  and  may  be  Beparat«d  into  three  diruionB,  the  upper  and 
Iowa  oonaistiiig  of  Rght  yellow  sands,  and  the  central  of  dtirk  green 
sands  and  brown  olays,  the  whole  repC>aii]g  on  the  London  day  proper.* 
Although  the  Bagehot  beds  are  usually  devoid  of  fossils,  they  contain 
marine  shells   in   some  places,  among  which    Veiitrieardia  planvxata 


(see  fig.  171)  is  abundant,  with  Turrttella  avkifera  and  Nummul^ 
ta  lavigatav.     (See  fig.  174,  p.  200,) 

At  Bracklesham  Bay,  near  Chichester,  in  Sussex,  the  characteristic 
diella  of  this  member  of  the  Eocene  seriea  are  best  seen ;  among  othera, 
the  huge  Ctrithiutn  ififfanleum,  so  conspicuous  in  the  culcaire  grossicr  of 
Paris,  where  it  is  sometimes  2  feet  in  length.  Tiie  volutes  and  cowries 
of  this  formatjon,  as  well  as  the  tunulites  and  other  corals,  scent  to  favor 
the  idea  of  a  warm  climate  having  prevailed,  which  is  borne  out  by  the 
discovery  of  a  serpent  Palceophit  typkaua,  exceeding,  according  to  Mr. 
Owen,  20  feet  in  length,  and  allied  to  the  Boa,  Python,  Coluber,  and 
Hydras.  The  compressed  form  and  diminutive  size  of  certain  caudal 
vertebra  indicate  so  much  analogy  with  Hydrus  as  to  induce  the 
Hnnterian  professor  to  pronounce  the  extinct  ophidian  to  have  been 
maane.f  He  had  previously  combated  with  so  much  success  the  evi- 
dence advanced,  to  prove  the  existence  in  the  Northern  Ocean  of  sea- 
Mrpents  in  our  own  times,  that  he  will  not  be  suspected  of  any  undue 
Ihm  in  contending  for  their  former  existence  in  the  British  Eocene  seas. 
The  dimate,  however,  of  the  Uiddle  Eocene  period  was  evidently  far 
more  genial ;  and  amongst  the  companions  of  the  sea-serpent  of 
Braddeshain  was  an  extinct  Gavial  (OavialU  Bixoni,  Owen),  and  nu- 
merons  fish,  such  as  now  frequent  the  seas  of  warm  latitudes,  as  the 
sword-fish  (see  fig.  172,  p.  200)  and  gigantic  rays  of  the  genus  Milio- 
haU».     (See  fig.  173.) 

Out  of  193  species  of  testacea  procured  from  the  Bagshot  and  BracUe- 

•  Prestwich,  Quart.  GeoL  Jonni.  vol  ill  p,  S86. 
t  Pal«Miit.  Sue  Honograph.  R^pt  pt  iL  p.  01. 
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afaato  beds  in  England,  126  occur  in  th«  Frenob  cali^ire  graner.  It 
was  clearly,  therefore,  coeval  wilh  lliat  part  of  the  Parisian  aeritf  moic 
nearly  tban  willi  any  oUier.  The  Nwnmulittt  lievigalu*  (aae  fi^  174), 
a  fossil  cliarocteriatic  of  the  lower  beds  of  the  calcairo  grottier,  ia  a||ra 
dant  at  Brackiesham.  .'  vu 
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London  clay  proper  (3,  a,  Table,  p.  197). — Tliia  formation  underlie* 
the  preceding,  and  consists  of  tenacious  brown  and  bluish  grar  da?, 
with  layers  of  concreUona  called  septaria,  which  abound  chiefly  in  the 
brown  clay,  and  are  obtained  in  sufficient  numlicre  from  the  cliffa  near 
Harwich,  and  from  stioals  of  the  Essex  coast,  to  he  used  for  niahing 
Roman  cement  Tlie  principal  localities  of  fossils  in  the  Lonilon  clay 
are  Uighgate  Hill,  near  London,  the  island  of  Sheppey,  and  Bognor  in 
Hampshire.  Out  of  133  fossil  shells,  Mr.  Prestwieh  found  only  20  to 
be  common  to  the  calcaire  grossier  (from  which  600  species  have  been 
obtained),  while  33  are  common  to  the  lits  coquilliers  (p.  196),  in 
which  only  200  apedca  aro  known  in  France.  We  may  presume,  there- 
fore, that  the  London  clay  proper  is  older  than  the  calcaire  grossly. 
This  may  perhaps  remove  a  difficulty  which  M.  Adolphe  Brongniart  has 
enperienced  when  comparing  the  Eocene  Flora  of  the  neigh Iwrhoods  of 
London  and  Paris,  The  fossil  species  of  the  island  of  Sheppey,  he  ob- 
serves, indicate  a  much  more  tropical  climate  than  the  Eocene  Flora 
of  France,  which  haa  been  derived  principally  from  the  "gypseous 
series."  The  latter  resembles  the  vegelation  of  the  borders  of  tlie  Medi- 
terranean rather  than  that  of  an  equatorial  region. 

Mr.  Bowerbank,  in  a  valuable  publication  on  the  fossil  fruits  and 
seeds  of  the  island  of  Sheppey,  near  London,  has  described  no  less 
than  thirteen  fruits  of  palms  of  the  recent  type  Nipa,  now  only  found  in 
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in  the  Molucca  and  Philippinfi  islands.  (See 
fig.  175.)  These  plants  are  allied  to  the  cocoa- 
nut  tribe  on  the  one  side,  and  oq  the  other  Ui 
the  Pandanut,  or  scrpw-pine.  Species  of  cocoa- 
nuts  are  also  met  with,  and  other  kinds  of  palma ; 
also  Uiree  species  of  Anona,  oi  eustard-apple ; 
cucurbitaceous  fruits,  also  (tJie  gourd  and  melon 
family),  are  in  considerable  abundance.  Fruits 
of  various  species  of  Acacia  are  in  profusion,  and, 
although  lass  decidedly  tropical,  imply  a  wami 
climate.  The  contiguity  of  land  may  be  inferred 
sipaaitH laipHaH.'Btiii.  not  only  from  these  vegetable  productions,  but 
Fo«iii«iino(Bhfpp«j.  ^]gg  f^jjj  jjjg  ite\,\i  and  bones  of  crocodiles  and 
turtles,  since  these  creatures,  as  Mr.  Conybeare  has  remarked,  must  have 
resorted  to  some  shore  to  lay  their  egga.  Of  turtles  there  were  numerous 
spedes  referred  to  extinct  genera,  .and,  for  the  most  pnrt,  not  equal  in  size 
to  the  largest  living  tropical  turtles.  .\  snake,  which  must  have  been 
13  feet  long,  of  the  genus  PalteophU  before  mentioned,  has  also  been  de- 
scribed by  Mr.  Owen  from  Sheppey,  of  a  diflerent  species  from  that  of 
tokcldesham.  A  true  croco<lile,  also,  C'rocodilus  loliapicus,  and  another 
Saurian  more  nearly  allied  to  the  gravial,  accompany  the  at>ove  fossils. 
A  bird  allied  to  tlie  vultures,  and  a  quadruped  of  the  new  genus  Hyraco- 
ikeriam,  allied  to  the  Hyrax,  Hog,  and  Ohxropotamu<i,  are  also  among 
the  additions  made  of  late  yeara  to  the  palicontology  of  this  division. 

The  marine  shells  of  the  London  clay  confirm  the  inference  derivable 
ftom  "b*  jJantfi  and  reptiles  of  a  high  temperature.     Thus,  many  species 
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of  Coam,  Mitra,  iiml  Valuta  ocour,  b  large  Cyprcea,  a  veiy  large 
Sottellaria,  nnd  bIicIIs  of  the  genera  TerebeUum,  Cancellaria,  Crvtia- 
tella,  and  others,  wiih  four  or  more  species  of  A'aiitilui  (see  fig.  182) 
and  otliet  cephutojxKln  of  extinct  genera,  one  of  the  most  remarkable  ^ 
which  19  flic  Beloaejiia.*     (See  fig.  183.) 

The  above  shells  arc  accompanied  by  a  sword-fish  {Tetraplerv* priteut, 
Agasaiz),  about  8  fcot  long,  and  a  saw-fisli  {^Prislii  bisulcalus,  Ag.), 
about  10  feet  in  lenptli ;  genera  now  foreign  to  the  Britisli  seas.  On 
the  whole,  no  less  than  50  species  of  fisli  liave  been  described  by  M. 
Agassiz  from  tbe^c  beds  in  Sheppey,  and  they  indicate,  in  bis  opinion,  a 
warm  climate. 

Slrala  of  Kyson  in  Suffolk. — At  Kyson,  a  few  miles  east  of  'Wood- 
bridge,  a  bed  of  Eiwene  clay,  12  feet  thick,  underlies  the  red  crag.  Be- 
neath it  is  a  deposit  of  j'ellow  and  white  sand,  of  considerable  interest, 
in  consequence  of  many  peculiar  fossils  contained  in  it.  Its  geological 
position  is  probably  the  lowest  part  of  the  London  clay  proper.  Id  thit 
sand  haa  been  found  tlic  first  example  of  a  fossil  quadrumanous  animal 
discovered  in  Great  Britain,  namely  the  teeth 
and  part  of  a  jaw,  shown  by  Mr,  Owen  to  belong 
to  a  monkey  of  the  genua  Jfacaeus  (see  fig.  184). 
The  mammiferoua  foasib,  first  met  with  in  the 
same  bed,  were  those  of  an  opoesum  {Oidelphyi^ 
(see  fig.  185),  nnd  nn  insectivorous  bat  (fig.  186),  together  with  manj 
teeth  of  fishes  of  the  shark  family.     Mr.  Colchester  in  1840  obtained 

*  For  deicription  of  Eocens  Cephalopoda,  lee  Moaograpli  bj'  P.  R  Edward^ 
Pilaoatogr^ih.  Son.  1M9. 
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**».**•  _      other  mammalian  relics  from  EyAon,  among 

which  Mr.  Owen  has  recognized  several  teeth 
of  the  genus  ITt/racotherium,  and  the  vertebrae 
of  a  large  serpent,  probably  a  Palceopkts,  As 
the  remains  both  of  the  Hyracotherium  and 
*'^J^J^  "Fl^Kyein  •*"'    P^^<^ophi8  vfere  afterwards  met  witli  in   the 

.^    ,^^  London  clav,  as  before  remarked,  these  fossils 

Fig.  186.  "  .    ,  ,  ' 

^^  .JW        confirmed  the  opinion  previously  entertained, 

VD  iV        that  the  Kyson  sand  belongs  to  the  Eocene 

^  if         period.    The  Macdcus,  therefore,  constitutes  the 

Moi«s  of  insectiToroua  bau,     ^^^^   example   of    any   quadrumanous   animal 
tw^  nat  size.  found  in  strata  as  old  as  the  Eocene,  or  so  far 

From  Kyson,  Suffolk.  r^r^  ^r       ^ 

from  the  equator  as  iat.  52°  JN.  It  was  not 
until  after  the  year  1836  that  the  existence  of  any  fossil  quadrumana 
was  brought  to  light  Since  that  i>eriod  they  have  been  found  in  France, 
India,  and  Brazil. 

Mottled  or  Plastic  Clays^  d'c.  (3,  6,  Table,  p.  197). — No  formations 
can  be  more  dissimilar  on  the  whole  in  mineral  character  than  the  Eocene 
deposits  of  England  and  Paris  ;  those  of  our  own  island  being  almost 
exclusively  of  mechanical  origin, — accumulations  of  mud,  sand,  and 
pebbles  ;  while  in  the  neighborhood  of  Paris  we  find  a  great  succession 
of  strata  composed  of  a  coarse  white  limestone,  and  compact  siliceous 
limestone  with  beds  of  crystalline  gypsum  and  siliceous  sandstone,  and 
sometimes  pure  fiint  used  for  millstones.  Hence  it  is  by  no  means  an 
easy  task  to  institute  an  exact  comparison  between  the  various  members 
of  the  English  and  French  series,  and  to  settle  their  respective  ages.  It 
is  clear  that  a  continual  change  was  going  on  in  the  fauna  and  flora  by 
the  coming  in  of  new  species  and  the  dying  out  of  others ;  and  contem- 
poraneous changes  of  geographical  conditions  were  also  in  progress  in 
consequence  of  the  rising  and  sinking  of  the  land  and  bottom  of  the 
sea.  A  particular  subdivision,  therefore,  of  time  was  occasionally  rep- 
resented in  one  area  by  land,  in  another  by  an  estuary,  in  a  third  by  the 
sea,  and  even  where  the  conditions  were  in  both  areas  of  a  marine  char- 
acter, there  was  often  shallow  water  in  one,  and  deep  sea  in  another, 
producing  a  want  of  agreement  in  the  state  of  animal  life. 

At  the  conunencement,  however,  of  the  Eocene  formations  in  France 
and  England,  we  find  an  exception  to  this  rule,  for  a  marked  similarity 
of  mineral  character  reigns  in  the  lowest  division,  whether  in  the  basins  of 
Paris,  Hampshire,  or  London.  This  uniformity  of  aspect  must  be  seen 
in  order  to  be  fully  appreciated,  since  the  beds  consist  simply  of  sand, 
mottled  clays,  and  well-rolled  flint  pebbles,  derived  from  the  chalk,  and 
▼arying  in  size  from  that  of  a  pea  to  an  egg.  These  strata  may  be  seen 
at  Reading,  at  Blackheath,  near  London,  and  at  Woolwich.  In  some 
of  the  lowest  of  them,  banks  of  oysters  are  observed,  consisting  of  Ostrea 
helUmcinay  so  common  in  France  in  the  same  relative  position,  and  Of- 

*  Annals  of  Nat  Hist  voL  iv.  No.  28,  Nov.  1889. 
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VOTTLED  OR  PLABTIO  CL1.T8. 


[Ofcxn 


trm  tdulina  scarcely  distinguishable  from  the  living  eatable  Bpeaei.  h 
this  fbrmatioD  at  Bromley,  Dr.  But^kland  found  oae  large  pebble  to 
which  five  full-grown  oyeters  were  affixed,  in  such  a  manntt  aa  to  «ba« 
that  they  bad  commenced  their  firat  growth  upon  it,  and  remaiaed 
attached  to  it  through  life. 

In  sereral  places,  as  at  Woolwich  on  the  Thames,  at  Newhaven  h 
Sussex,  and  elsewhere,  a  mixture  of  marine  and  freshwater  testacM 
distinguishes  this  member  of  the  series.  Among  the  latter,  Melanit 
iTigiiiaata  [see  fig.  1 S8)  and  Cyrtna,  eunei/ormu  are  veiy  common.  Th<f 
probably  indicate  points  where  rivers  entered  the  Eocene  sea. 

Fk-UT.  n»138. 


With  us,  as  in  France,  clay  of  this  formation  is  used  in  some  places, 
as  near  Poole  in  Dorsetshire,  for  pottery  ;  and  hence  the  name  of  plastic 
clay  was  adopted  for  the  group  by  Mr.  T.  Webster.  Lignilo  also  is  as- 
sociated with  it  in  some  spots,  hs  in  the  Paris  basin. 

Before  the  minds  of  geologists  had  become  familiar  with  the  theory 
of  the  gradual  sinking  of  the  land,  and  its  conver«on  into  sen  at  differ- 
ent periods,  and  the  consequent  change  from  shallow  to  deep  water,  the 
freshwater  and  littoral  character  of  this  inferior  group  appeared  strange 
and  anomalous.  After  passing  through  many  hundred  feet  of  London 
day,  proved  by  its  fossils  to  hare  been  deposited  in  salt  water  of  con- 
dderabte  depth,  we  arrive  at  beds  of  fiuviatile  ori^n.  Thick  masses, 
also,  of  shingle  indi&ite  the  proximity  of  land,  where  the  flints  of  the  chalk 
were  rolled  into  sand  and  pebbles,  and  spread  continuonaly  over  wide 
spaces,  as  in  the  Isle  of  Wight,  in  the  south  of  Hampshire,  and  near 
London,  always  appearing  at  the  bottom  of  the  Eocene  series.  It  may 
be  asked  why  they  did  not  constitute  simply  a  narrow  littoral  lonc,  sodi 
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KB  we  might  look  for  in  strata  formed  at  a  moderate  distance  from  the 
ihora.  In  answer  to  this  inquiry,  the  student  must  be  reminded,  that 
whenever  a  gently-sloping  land  is  gradually  sinking  and  becoming  Bub- 
B^^ed,  sliingle  may  be  heaped  up  successively  over  a  wide  area,  although 
marine  currents  have  no  power  of  dispenting  it  aimultaneously  over  a 
kirg«  space.  In  such  cases  it  is  not  the  shingle  which  recedes  from  the 
ooast,  but  tlie  coast  which  recedes  from  the  shingle,  which  is  formed  one 
ouae  after  another  as  ollen  as  successive  portiooH  of  the  land  are  con- 
verted into  sea  and  others  into  a  sea-beach. 

The  London  area  appears  to  have  been  upraised  before  that  of  Hamp- 
shire, BO  that  it  never  became  the  receptacle  of  the  Barton  clays,  nor  of 
the  overlying  fluvto-mariiie  and  freshwater  beds  of  Uordwell  and  the 
north  part  of  the  Isle  of  Wight.  On  tlie  other  hand,  the  Hampshire 
Eocene  area  seems  to  have  emerged  before  that  of  Paris,  so  that  no 
marine  beds  of  the  Upper  Eocene  era  were  ever  tlirown  down  in  Ilamp- 
shire. 

Nummulitie  formation  of  the  Alp»  and  Pyrenees. — It  has  long  been 
matter  of  controversy,  whether  tJie  nummulitic  rocks  of  the  Alps  and 
Pyrenees  should  be  regarded  as  Eocene  or  Cretaceous;  but  the  number 
of  geologists  of  high  authority  who  regard  this  important  group  as 
belonging  to  tj)e  lowest  tertiary  system  of  Europe  has  for  many  ye.ira 
been  steadily  increasing.  The  late  M.  Alex.  Brongniart  first  declared 
the  epecitic  identity  of  many  of  the  shells  of  tliis  formation  witli  those 
of  the  marine  strata  near  Paris,  although  lie  obtained  them  from  the 
summit  of  the  Diablrtete,  one  of  the  loftiest  of  the  Swiss  Alps,  which 
rises  more  than  10,000  feet  above  the  level  of  the  sea. 

Deposits  of  the  same  age,  found  on  the  Hanks  of  the  Pyrenees,  con- 
tain also  a  great  number  of  sheila  common  to  the  Paris  and  London 
areas,  and  three  or  four  species  only  which  are  common  to  the  cretace- 
ous formation. 

The  calcareous  division  consists  often  of  a  compact  crystalline  marble, 
full  of  nummulites  (see  fig.  180),  shells  of  tlie  class  Foraminifera. 


Tig.lS». 


Id  ths  llmMlon*. 


The  nummulitic  limestone  of  the  Alps  is  often  of  great  thickness,  and 
is  immediately  covered  by  another  scries  of  strata  of  dark-colored  slates, 
Durla,  and  fUcoidal  sandstones,  to  the  whole  of  which  the  provincial 
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name  of  ^^flysch"  has  been  given  in  parts  of  Switzerland.  The  re- 
searches of  Sir  lloderick  Murchison  in  the  Alps  in  1847  enable  us  to 
refer  the  whole  of  these  beds  to  the  Eocene  period,  and  it  seems  probi- 
ble  that  they  most  nearly  coincide  in  age  with  the  Lower  Eocene.  They 
enter  into  the  disturbed  and  loftiest  portions  of  the  Alpine  chain,  to  the 
elevation  of  which  they  enable  us  therefore  to  assign  a  comparativdy 
modern  date. 

The  nummulitic  formation,  with  its  characteristic  fossils,  plays  a  &r 
more  conspicuous  part  than  any  other  tertiary  group  in  the  solid  franje- 
work  of  the  earth's  crust,  whether  in  Europe,  Asia,  or  Africa.  It  often 
attains  a  tliickness  of  many  thousand  feet,  and  extends  from  the  Alps  to 
the  Apennines.  It  is  found  in  the  Carpathians,  and  in  full  force  in  the 
nortli  of  Africa,  as,  for  example,  in  Algeria  and  Morocco.  It  has  also 
been  traced  from  Egypt  into  Asia  Minor,  and  across  Persia  by  Bagdad 
to  the  mouths  of  the  Indus.  It  occurs  not  only  in  Cutch,  but  in  the 
mountain  ranges  which  separate  Scinde  from  Persia,  and  which  form  the 
passes  leading  to  Caboul ;  and  it  has  been  followed  still  farther  eastwaid 
into  India. 

Some  members  of  this  lower  tertiary  formation  in  the  central  Alps, 
including  even  the  superior  strata  called  flysch^  have  been  converted  into 
crystalline  rocks,  and  changed  into  saccharoid  marble,  quartz,  rock,  and 
mica-schist.* 

EOCENE    STRATA    IN    THE    UNITED    STATES. 

In  North  America  the  Eocene  formations  occupy  a  large  area  borde^ 
ing  the  Atlantic,  which  increases  in  breadth  and  importance  as  it  is  traced 
southwards  from  Delaware  and  Maryland  to  Georgia  and  Alabama.  They 
also  occur  in  Louisiana  and  other  states  both  east  and  west  of  the  valley 
of  the  Mississippi.  At  Claiborne  in  Alabama  no  less  than  four  hundred 
species  of  marine  shells,  with  many  echinoderms  and  teeth  of  fish, 
characterize  one  member  of  this  system.  Amonor  the  shells  the  Cardita 
planicosta,  before  mentioned  (fig.  iVl,  p.  199),  is  in  abundance;  and 
this  fossil,  and  some  other  identical  with  European  species,  or  very  nearly 
allied  to  them,  make  it  highly  probable  that  the  Claiborne  beds  agree  in 
age  with  the  central  or  Bracklesham  group  of  England,  and  the  <adcaire 
grossier  of  Paris.f 

Higher  in  the  series  is  a  remarkable  calcareous  rock,  formeriy  called 
"  the  nummulite  limestone,"  from  the  great  number  of  discoid  bodies 
resembling  nummulites  which  it  contains,  fossils  now  referred  by  A. 
d'Orbigny  to  the  genus  Orbitoides,  which  has  been  demonstrated  by  Dr. 
Carpenter  to  belong  to  the  Foraminifera.J  The  following  section  will 
enable  the  reader  to  understand  the  position  of  the  three  subdivisions  ot 

♦  MurchisoD,  Quart.  Journ.  of  GeoL  Soc.  vol  v.  and  Lyell,  vol  vl  1850.  An- 
niyeraary  Address. 

f  See  paper  by  the  author,  Quart.  Journ.  GeoL  Soc.  voL  iv.  p.  12 ;  and  Seoood 
Visit  to  the  U.  S.  vol.  ii.  p.  69. 

X  Quart  Journ.  QeoL  Soc.  voL  vl  p.  82. 


OkXTL]  DT  THB  TFHITZD  8TATZS.  207 

flwMrieBiNoB.  I,  2,  and  3,  the  relations  of  whicli  T  flscertained  in  Clarkf 
toon^,  bAween  the  riTera  Alabama  and  Tombeclibcc. 
Piit.J«. 


Th«  lowest  Bet  of  strnti.  No.  1,  haviDg  a  tliickiiess  of  more  than  100 
feet,  comprise  marly  beds,  in  whicii  the  Oilrea  tellaformit  occurs,  a  ibell 
nogiag  froiD  Alabama  to  Virginia,  and  being  a  representative  form  of 
the  Oilrea  fiabtllula  of  the  Eocene  group  of  Europe.  In  other  beds  of 
Noh  1,  two  EuropeaD  ahelU,  Cardila  planiconta,  bofori 
Solarium  canalKulalam  are  found,  with  a  great  mi 
peculiar  to  America.  Numerous  corals,  also,  and  the  i 
fimh  and  of  rays  occur,  and  tlie  "swords,"  as  they  art 
fishes,  all  bearing  a  great  generic  likeness  to  those  of  the 
of  England  and  France. 

No.  2  (fig.  190)  is  a  wliite  limestone,  sometimes  soft  and  argillaceous, 
but  in  parts  very  compact  and  calcareous.  It  contiiiiis  several  peculiar 
corals,  and  a  la^  Nautilus  allied  to  y.  xigzag,  also  in  its  upper  bed  a 
gi^ntic  oetaceon,  called  Ztuglodon  by  Owen.* 


yi(,»L 


:  mentioned,  and 

iny  other  species 

emainsof  placoid 

culled,  of  sword 

e  Eocene  strain 


Zeuglodon  cttoUlt*,  Otrttn. 
Ff»  Itl.  UdIu  UHlh,  lutnnl  tlOt.  Sif,  in.  TarUbn,  ndnced. 

The  colossal  bones  of  this  cetacean  are  so  pleiititiil  in  the  interior  of 
Clarke  county  as  to  be  characteristic  of  the  formatioD.  The  vertebral 
colnmn  of  one  skeleton  found  by  Dr.  Buckley  at  a  spot  visited  by  me 
extended  to  the  length  of  nearly  TO  feet,  and  not  far  off  part  of  another 

•  S«e  MemoB  ^j  R  W.  Oibbei,  JoanL  of  Aoad.  Nat.  ScL  PMUd.  voL  L  lSt7. 
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backbone  nearly  50  feet  long  was  dug  up.  *I  obtained  evidence,  during 
a  snort  excursion,  of  so  many  localities  of  this  fossil  animal  within  a 
distance  of  10  miles,  as  to  lead  me  to  conclude  that  they  must  have 
belonged  to  at  least  forty  distinct  individuals. 

Mr.  Owen  first  pointed  out  that  the  huge  animal  was  not  reptilian, 
since  each  tooth  was  furnished  with  double  roots  (see  fig.  191),  implanted 
in  corresponding  double  sockets ;  and  his  opinion  of  the  cetacean  nature 
of  the  fossil  was  afterwards  confirmed  by  Dr.  Wyman  and  Professor  It 
W.  Gibbes.  That  it  was  an  extinct  species  of  the  whale  tribe  has  since 
been  placed  beyond  all  doubt  by  the  discovery  of  the  entire  skull  of 
another  fossil  of  the  same  family,  found  to  have  the  double  occipital 
condyles  only  met  with  in  mammals,  and  the  convoluted  tympanic  bones 
which  are  characteristic  of  cetaceans. 

Near  the  junction  of  No.  2,  and  the  incumbent  limestone.  No.  3,  next 
to  be  mentioned,  are  strata  characterized  by  the  following  shells  :  Spon- 
dylus  dumosus  {^Plagiostoma  dumosum,  Morton),  Pecten  Pouhsoni^  Ptc- 
ten  perplanus,  and  Ostrea  cretacea. 

No.  3  (fig.  190)  is  a  white  limestone,  for  the  most  part  made  up  of 
the  Orbitoides  of  D'Orbigny  before  mentioned  (p.  206),  formerly  sup- 
posed to  be  a  nummulite,  and  called  iV^.  Mantelli^  mixed  with  a  few 
lunulities  and  small  corals  and  shells.*  The  origin  of  this  cream-colored 
soft  stone,  like  that  of  white  chalk,  which  it  much  resembles,  is,  I  believei 
due  to  the  decomposition  of  the  orbitoides.  The  surface  of  the  counUy 
where  it  prevails  is  sometimes  marked  by  the  absence  of  wood,  like  our 
chalk  downs,  or  is  covered  exclusively  by  the  Juniperus  Virginiana^  as 
certain  chalk  districts  in  England  by  yew-trees  and  juniper. 

Some  of  the  shells  of  this  limestone  are  common  to  the  Claiborne 
beds,  but  many  of  them  .are  peculiar. 

It  will  be  seen  in  the  section  (fig.  190,  p.  155)  that  the  strata,  Nos.  1, 
2,  3,  are,  for  the  most  part,  overlaid  by  a  dense  formation  of  sand  or  clay 
without  fossils.  In  some  points  of  the  bluff  or  cliff  of  the  Alabama 
river,  at  Claiborne,  the  beds  Nos.  1,  2,  are  exposed  nearly  from  top  to 
bottom,  whereas  at  the  other  points  the  new  formation,  No.  4,  occupies 
the  face  of  nearly  the  whole  cliff.  The  age  of  this  overlying  mass  has 
not  yet  been  determined,  as  it  has  hitherto  proved  destitute  of  organic 
remains. 

The  burr-stone  strata  of  the  Southern  States  contain  so  many  fossils 
agreeing  with  those  of  Claiborne,  that  it  doubtless  l)elongs  to  the  same 
part  of  the  Eocene  group,  though  I  was  not  fortunate  enough  to  see  the 
relations  of  the  two  deposits  in  a  continuous  section.  Mr.  Tuomey  con- 
siders it  as  the  lower  portion  of  the  series.  It  may,  perhaps,  be  a  form 
of  the  Claiborne  beds  in  places  where  lime  was  wanting,  and  where  silex, 
derived  from  the  decomposition  of  felspar,  predominated.  It  consists 
chiefly  of  slaty  clays,  quartzose  sands,  and  loam,  of  a  brick-red  color, 
with  layers  of  chert  or  burr-stone,  used  in  some  places  for  mill-stones. 

*  Lyell,  Quart  Joom.  QteoV  Soc.  1847»  voL  iv.  p.  16w 
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CHAPTER  XVn. 


CRETACEOUS   GROUP. 


Diritiaiis  of  the  cretaceous  series  in  Northwestero  Europe — Upper  cretaceous 
•trmia — Maestricht  beds — Chalk  of  Fazoe — White  chalk — Characteristic  fossiU 
^EztiDCt  cephalopoda — Sponges  and  corals  of  the  chalk — Signs  of  open  and 
deep  sea — Wide  area  of  white  chalk — Its  origin  from  corals  and  shells-— Single 
peU>les  in  chalk — Siliceous  sandstone  in  Germany  contemporaneous  with  white 
chalk — Upper  greensand  and  gault — Lower  cretaceous  strata — Atherfield  sec 
tioD,  Isle  of  Wight — Chalk  of  South  of  Europe — Hippurite  limestone — Cre- 
taceous Flora — Chalk  of  United  States. 

Having  treated  in  the  preceding  chapters  of  the  tertiary  strata,  we 
have  next  to  speak  of  the  uppermost  of  the  secondary  groups,  called  the 
Chalk  or  Cretaceous  (No.  6,  Table,  p.  103),  because  in  those  parts  of 
Europe  where  it  was  first  studied  its  upper  members  are  formed  of  that 
remarkable  white  earthy  limestone,  tcnned  chalk  (creta).  The  inferior 
division  consists,  for  the  most  part,  of  clays  and  sands,  called  Greensand, 
because  some  of  the  sands  derive  a  bright  green  color  from  intermixed 
gnuns  of  chloritic  matter.  The  cretaceous  strata  in  the  northwest  of 
Europe  may  be  thus  divided  :* 

Upper  Cretaceous, 

1.  Maestricht  beds  and  Faxoe  limestone. 

8.  Upper  white  chalk,  with  flints. 

a.  Lower  white  chalk,  without  flints,  passing  downwards  into  chalk  marl,  which 

is  slightly  argillaceoua 
4w  Upper  greensand. 

5.  Oault 

Lower  Cretaceous. 

6.  Lower  greensand — Ironsand,  clay,  and  occasional  beds  of  limestone  (Kentish 

Maestricht  Beds, — On  tlie  banks  of  the  Meuse,  at  Maestricht,  reposing 
on  ordinary  white  chalk  with  flints,  we  find  an  upper  calcareous  forma- 
tion about  100  feet  thick,  the  fossils  of  which  are,  on  the  whole,  very 
peculiar,  and  all  distinct  from  tertiary  species.     Some  few  are  of  species 

*  K.  Aldde  d'Orbigny,  in  his  valuable  work  entitled  Pal^ontologie  Fran^aise, 
haa  adopted  new  terms  for  the  French  subdivisions  of  the  Cretaceous  Series,  which, 
■o  far  as  they  can  be  made  to  tally  with  English  equivalents  seem  explicable  thus : 

Danien.         llaestricht  beds. 

Senonien.      Upper  and  lower  white  chalk,  and  chalk  marL 

Toronieo.      Part  of  the  chalk  marl  and  the  upper  greensand*  the  latter  being 
in  his  last  work  (Cours  El^mentaire)  termed  C^nomaniea 

Albiea         Oault 

Aptien.         Upper  part  of  lower  greensand. 

Naooomioo.  Lower  part  of  same. 

14 
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common  to  the  inferior  white  chalk,  among  which  may  be  mentioDed 
Belemnites  mucronatus  (see  fig.  197)  and  Pecten  quadrieostatus.  Besides 
the  Belomnite  there  are  other  genera,  such  as  Ammonite^  Baculite,  and 
Hamite,  nc^'er  found  in  strata  newer  tlian  the  cretaceous,  but  frequently 
met  witli  in  these  Maestricht  beds.  On  the  other  hand.  Volutes  and 
other  genera  of  univalve  shells,  usually  met  with  only  in  tertiary  strata, 
occur. 

The  upper  part  of  the  rock,  about  20  feet  thick,  as  seen  in  St  Peter's 
Mount,  in  the  suburbs  of  Maastricht,  abounds  in  corals,  often  detachable 
from  the  matrix  ;  and  these  beds  are  succeeded  by  a  soft  yellowish  lime- 
stone 50  feet  thick,  extensively  quarried  from  time  immemorial  for  build- 
ing. The  stone  below  is  whiter,  and  contains  occasional  nodules  of  gray 
chert  or  chalcedony. 

M.  Bosi^uet,  with  whom  I  lately  examined  this  formation  (August, 
1850),  pointed  out  to  me  a  layer  of  chalk  from  2  to  4  inches  thick,  con- 
taining green  earth  and  numerous  encrinital  stems,  which  forms  the  line 
of  demarcation  between  the  strata  containing  the  fossils  peculiar  to 
Maestricht  and  the  white  chalk  below.  Tiie  latter  is  distinguished  by 
regular  layers  of  black  flint  in  nodules,  and  by  several  shells,  such  as 
Terehratula  carnea  (see  fig.  201),  wholly  wanting  in  beds  higher  than 
the  green  band.  Some  of  the  organic  remains,  however,  for  which  St 
Peter's  Mount  is  celebrated,  occur  both  above  and  below  that  parting 
layer,  and,  among  others,  the  great  marine  reptile,  called  Moscuaunu,  a 
saurian  supposed  to  have  been  24  feet  in  length,  of  which  the  entire 
skull  and  a  great  part  of  the  skeleton  have  been  found.  Such  remains 
are  chiefly  met  with  in  the  soft  freestone,  the  principal  member  of  the 
Maestricht  betls. 

Chalk  of  Faxoe. — In  the  island  of  Seeland,  in  Denmark,  the  newest 
merabfr  of  the  chalk  series,  seen  in  the  sea-cliflPs  at  Stevensklint  resting 
on  white  chalk  with  flints,  is  a  yellow  limestone,  a  portion  of  which,  at 
Faxoe,  where  it  is  used  Jis  a  building-stone,  is  composed  of  corals,  even 
iMore  conspicuously  than  is  usually  observed  in  recent  coral  reefs.  It  has 
•been  quarried  to  the  depth  of  more  than  40  feet,  but  its  thickness  is  un- 
Jcnown.  The  imbedded  shells  are  chiefly  casts,  many  of  them  of  univalve 
iiuolluAca,  which,  as  they  strictly  belong  to  tlie  Cretaceous  era,  are  worthy 
•of  notice,  since  such  forms,  whether  spiral  or  patelliform,  are  wanting  in 
the  white  chalk  of  Euroi>e  generally.  Thus,  there  are  two  species  of 
'Cyprmct,  one  of  OUva,  two  of  Mitra,  four  of  the  genus  Cerithiunt,  six  of 
Fusus^  two  of  TrochuSy  one  Patella,  one  Emarginula,  <fec.,  on  tlie  whole, 
more  than  thirty  univalves,  spiral  or  patelhform,  not  one  of  which  is 
common  to  the  white  chalk.  At  the  same  time,  a  lai^  proportion  of  the 
accompanying  bivalve  shells,  echinodenns,  and  zoophytes,  are  specifically 
identical  with  fossils  of  older  parts  of  the  Cretaceous  series.  Among  the 
cephalopoda  of  Faxoe,  may  be  mentioned  BacuUtes  Faujasii  and  Belem- 
nites mucronatu^,  sliolls  of  the  white  chalk. 

The  claws  and  entire  shell  of  a  small  crab,  Brachyurut  ruposus 
(Schlotheim),  are  scattered  through  the  Faxoe  stone,  reminding  us  of 
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aimilar  crust&ceAns  enclosed  in  llie  rocks  of  mnoy 
modem  coral  reefs.*  Some  small  portions  of  this 
coralline  formation  consist  of  white  e&rthy  chalk  ;  it  is, 
therefore,  clear  that  this  substance  roust  ha™  been  pro- 
duced simultaneously,  a  &ct  of  some  importance,  a* 
bearing  on  the  theory  of  the  origin  of  white  chalk ;  for 
the  decomposition  of  such  corals  as  we  see  at  Faxoe  is 
capable,  we  know,  of  forming  white  mud,  un distinguish- 
able from  chalk,  and  which  we  may  suppose  to  have 
been  dispersed  far  and  wide  through  the  ocean,  In 
which  such  reeft  as  that  of  Faxoe  grew. 

White  Chalk  (3  and  3,  Tab.  p.  209).— The  highest 
beds  of  chalk  in  England  and  France  consist  of  a  pure, 
white,  calcareous  mass,  usually  too  soft  for  a  building 
stone,  but  sometimes  passing  into  a  more  solid  state. 
It  consists,  almost  purely  of  carbonate  of  lime  ;  the 
stratificntion  is  often  obscure,  except  where  rendered 
distinct  by  interstratilied  layers  of  Hint,  a  few  inches 
thii-k,  occasionally  in  continuous  beds,  but  oftener  in 
nodules,  and  recurring  at  intervals  from  2  to  4  feet 
distant  from  each  other. 

This  upper  chalk  is  usually  succeeded,  in  the  descend- 
ing order,  by  a  great  mass  of  white  chalk  without  flints, 
below  which  comes  tlie  chalk  marl,  in  which  there  is  a 
slight  admixture  of  argillaceous  matter.  The  united 
thickness  of  Uie  three  divisions  in  the  south  of  Eng- 
land equals,  in  some  places,  1000  feetf 

Tlie  annexed  section,  fig.  193,  will  show  the  manner 
in  which  the  white  chalk  extends  from  England  into 
France,  covered  by  the  tertiary  strnla  ilescribed  in  former 
chapters,  and  reposing  on  lower  cretaceous  beds. 

Among  the  conspicuous  forms  of  mollusca  wholly 
foreign  to  the  tertiary  aid  recent  periods,  and  which 
we  meet  with  in  the  while  chalk,  are  the  Betemnile, 
Ammonite,  Uaculite,  and  Turriiite,  all  genera  of  Ctphor 
lopoda,  a  family  to  which  the  linng  cuttle-fish  and  nsn- 
til  us  belong. 
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*  9ee  paper  by  the  mtitot,  TruiB.  of  QeoL  Soc  toL  t.  p.  248,  1S40. 
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Among  the  brachioptHla  in  the  wliite  cliiilk,  the  Terebraltila  are  veiy 
abundant  Tliese  shetla  are  known  to  live  at  tlie  bottom  of  ttie  sea, 
wbera  the  water  U  tranquil  and  of  some  deptli  (see  figs.  108,  109,  200, 


TiribraluUpUvaUlU. 
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201),   With  these  are  assodated  some  forms  of  oyster  (see  figs,  £02  and 
204),  and  other  bivalves  (figs,  203,  205,  206,  207,  208), 
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Crania  PariiiemU, 

iDferlor  or  UUchcd 

Dpper  while  chilk. 

Among  the  rMt,  no  form  marks  the  cretaceous  era  in  Europe,  America, 
and  India,  in  a  more  striking 
manner  than  the  extinct  genus 
Inoceramut  (  Cali'lliu  of  Lamk.), 
the  sbejb  of  which  are  distin- 
guished by  a  fibrous  texture, 
and  are  often  met  with  in 
fragments,  having,  probably, 
been  extremely  friable. 

With  theee  moUusca  are 
many  corals  (figs.  209,  210, 
211),  and  sea  urchins  (fig.  212), 
vhich  are  alike  marine,  and, 
for  the  most  part,  indicative  of 
a  deep  sea.  Tliey  are  dispersed 
indifferently  through  the  soft 
chalk,  and  hard  flint,  and  some 
their  irregular  forms  to  inclosed  zoophytes, 


of  the  tlmty  nodules  c 


etdnf  tponn  Id  ( 


FOSSILS  OF  THE  CHALE. 
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ds  ID  tlie  specimen  represented  ia  li<;.  211,  wliere  the  hollows  in  the  ei' 
t«rior  are  caused  hy  the  branches  of  a  sponge  seen  on  breaking  open  the 
flint,  flg.  210. 

Of  the  singular  family  called  RudtatM,  by  Lamarck,  hereafter  to  be 
mentioned,  aa  extremely  characteristic  of  the  chalk  of  Southern  Europe, 
aaingle  repreeentative  only  (fig.  218)  has  been  discovered  in  tlie  white 
chalk  of  Bnglatid. 

Fig.  lis.  Fl;.  Hi. 


The  reninina  of  fishes  of  the  Upper  Crelficeoua  formatioi 
chiefly  of  teeth  of  the  shark  family  of  genera,  in  part  c 
tertiary,  and  partly  distinct.  But  we  meet  with  no  bones  of  land  animals. 
nor  any  terrestrial  or  fluviatile  shells,  nor  any  plants,  except  sea-weeds, 
and  hero  and  tliere  a  piece  of  drift-wood.  All  the  appearances  concur 
in  leading  us  to  conclude  that  the  white  chalk  was  the  product  of  an 
open  sea  of  considerable  depth. 

The  existence  of  turtles  and  oviparous  saurians,  and  of  a  Pterodactyl 
or  winged-lizard,  found  in  the  white  chalk  of  Maidstone,  implies,  no 
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doubt)  some  neighboring  land ;  but  a  few  small  islets  in  mid-ocean,  like 
Ascension,  so  much  frequented  by  migratory  droves  of  turtles,  might 
perhaps  have  afforded  the  required  retreat  where  these  creatures  might 
lay  their  eggs  in  the  sand,  or  from  which  the  flying  species  may  have 
been  blown  out  to  sea.  Of  the  vegetation  of  such  islands  we  have 
scarcely  any  indication,  but  it  consisted  partly  of  cycadeous  plants ;  for 
a  fragment  of  one  uf  these  was  found  by  Capt  Ibbetson  in  the  chalk 
marl  of  the  Isle  of  Wight,  and  is  referred  by  A.  Brongniart  to  Clathraria 
Lyellii^  Mantell,  a  species  common  to  the  antecedent  Wealden  period. 

Geoffrapkical  extent  and  origin  of  the  White  Chalk, — The  area  over 
which  the  white  chalk  preserves  a  nearly  homogeneous  aspect  is  so  vast, 
that  the  earlier  geologists  despaired  of  discovering  any  analogous  deposits 
of  recent  date.  Pure  chalk,  of  nearly  uniform  aspect  and  composition, 
is  met  with  in  a  northwest  and  southeast  direction,  from  the  north  of 
Ireland  to  the  Crimea,  a  distance  of  about  1140  geographical  miles; 
and  in  an  opposite  direction  it  extends  from  the  soutli  of  Sweden  to  the 
south  of  Bourdeaux,  a  distance  of  about  840  geographical  miles.  In 
Southern  Kussia,  according  to  Sir  R.  Murchison,  it  is  sometimes  600  feet 
thick,  and  retains  the  same  mineral  character  as  in  France  and  England, 
with  the  same  fossils,  including  Inoceramns  Cuvieri,  Belemnites  mucro- 
natuSj  and  Ostrea  vesicularis. 

But  it  would  be  an  error  to  imagine,  that  the  chalk  was  ever  spread 
out  continuously  over  the  whole  of  the  space  comprised  within  these 
limits,  although  it  prevailed  in  greater  or  less  thickness  over  large  por- 
tions of  tliat  area.  On  turning  to  Uiose  regions  of  the  Pacific  where 
coral  reefs  abound,  we  find  some*  archipelagoes  of  lagoon  islands,  such 
as  that  of  the  Dangerous  Archipelago,  for  instance,  and  that  of  Hadack, 
with  several  adjoining  groups,  which  are  from  1100  to  1200  miles  in 
length,  and  300  or  400  miles  broad ;  and  the  space  to  which  Flinders 
proposed  to  give  the  name  of  the  Coralline  Sea  is  still  larger ;  for  it  is 
bounded  on  tlie  east  by  the  Australian  barrier, — all  formed  of  coral 
rock — on  tlie  west  by  New  Caledonia,  and  on  the  north  by  the  reefs  of 
Louisiade.  Although  the  islands  in  these  areas  may  be  thinly  sown, 
the  mud  of  the  decomposing  zoophytes  may  be  scattered  far  and  wide 
by  oceanic  currents.  That  this  mud  would  resemble  chalk  I  have  al- 
ready hinted  when  speaking  of  the  Faxoe  limestone,  page  211 ;  and  it 
was  also  remarked  in  an  early  part  of  this  volume,  that  some  even  of 
that  chalk  which  appears  to  an  ordinary  observer  quite  destitute  of  or- 
ganic remains,  is  nevertheless,  when  seen  under  the  microscope,  full 
<rf  fragments  of  corals  and  sponges ;  together  with  the  valves  of  ento- 
moetraca,  the  shells  of  foraminifera,  and  still  more  minute  infusoria. 
(See  p.  26.) 

Now  it  had  been  often  suspected,  before  these  discoveries,  that  white 
chalk  might  be  of  animal  origin,  even  where  every  trace  of  organic 
structure  has  vanished.    This  bold  idea  was  partly  founded  on  the  fact, 

*  Proceedings  of  Geol.  Soc.  voL  ill.  pp.  7,  8,  1842. 
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ihat  tlie  chalk  consiBted  of  pure  cHrbon&to  of  limei,  such  as  would  nndt 
&om  the  decora  position  of  t«stacca,  echini,  and  corals;  and  putty  on 
the  passage  observable  between  these  foasila  when  half  deoompoMd  aod 
chalk.  Itut  this  conjecture  seemed  to  many  naturalists  quit«  vague  and 
visionary,  until  its  probability  was  strengthened  by  new  evidence  Invn^ 
to  light  by  modern  geologists. 

We  learn  from  Lieutennnt  Nelson,  that,  in  the  Bermuda  Islands,  there 
are  several  basins  or  lagoons  almost  surrounded  and  inclosed  by  reefc  of 
coral.  At  the  bottom  of  these  Ingoons  a  soft  white  calcareous  mud  is 
formed  by  the  deconipoeition  oi  Jischara,  Flustra,  Ctllepora,  and  othw 
oorallinea.  This  mud,  when  dried,  is  undistinguisliable  from  common 
white  earthy  chalk ;  and  Eome  portions  of  it,  presented  to  the  Museum 
of  the  Geological  Society  of  London,  might,  after  full  examination,  be 
mistaken  for  ancient  chalk,  but  for  the  labels  attached  to  them.  About 
the  name  time  Mr.  C.  Darwin  observed  similar  facts  in  the  coral  islands 
of  the  Pacific;  and  came  also  to  the  opinion,  that  much  of  the  soft 
white  mud  found  at  the  bottom  of  tlie  sea  near  coral  reefe  has  passed 
through  tlie  bodies  of  worms,  by  wliich  the  stony  masses  of  coral  are 
everywhere  bored  ;  and  other  portions  through  the  intestines  of  fishes; 
for  certain  gregarious  fishes  of  the  genus  Spanu  are  visible  through  the 
clear  water,  browsing  quietly,  in  great  numbere,  on  living  corals,  lili* 
^^ng  herds  of  graminivorous  quadrupeds.  On 
opening  their  bodies,  Mr.  Darwin  found  their  in-  Fig.  sii.  rtg.  sia, 
testines  filled  with  impure  chalk.  This  circum- 
stance is  the  more  in  point,  when  we  recollect  how 
the  fossilist  was  formerly  puzzled  by  meeting,  in 
chalk,  with  certain  IwiiliHs,  called  cones  of  the 
larch,  which  were  afterwards  recognized  by  Dr. 
Buekland  to  be  the  excrement  <if  fish.*  These 
spiral  coprolitea  {see  figures),  like  the  scales  and 
bones  of  fossil  fish  in  the  chalk,  are  composed 
chiefly  of  phosphate  of  lime. 

Mr.  Dana,  when  describing  the  elevated  coral  reef  of  Oahu,  in  the 
Sandwich  Islands,  says,  that  some  varieties  of  the  rock  consist  of  a^re- 
gated  shells,  imbedded  in  a  compact  calcareous  base  as  firm  in  teitore 
as  any  secondary  Umes tone ;  while  others  are  like  chalk,  having  its  color, 
its  earlliy  ftvcturc,  its  soft  homogeneous  texture,  and  being  an  equally 
good  writjng  material.  The  same  autlior  describes,  in  many  growing 
coral  reefs,  a  similar  formation  of  modem  chalk,  undistinguishable  from 
the  ancienLf  The  extension  over  a  wide  submarioo  area  of  the  calca- 
reous matrix  of  the  chalk,  as  well  as  of  the  imbedded  fossils,  would  take 
place  the  more  readily,  in  consequence  of  the  low  specific  gravity  of  the 
shells  of  mollusca  and  zoophytes,  when  compared  with  ordinary  sand 
and  mineral  matter.     The  mud  also  derived  Irom  their  decompositioii 

■  GeoL  Trans.  Second  Seriei,  voL  iiL  p.  S3S,  plats  Sl.figa.  S  and  II. 
t  OeoL  of  U.  8.  Bxplorii^  Exped.  p.  !62, 1B49. 
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wcmid  be  much  lighter  than  argillaceous  and  other  inorganic  mud,  and 
▼eiy  easily  transported  by  currents,  especially  in  salt  water. 

Single  pebbles  in  chalk, — The  general  absence  of  sand  and  pebbles  in 
the  white  chalk  has  been  already  mentioned ;  but  the  occurrence  here 
aod  there,  in  Uie  southeast  of  England,  of  a  few  isolated  pebbles  of  quartz 
and  green  schist,  some  of  them  2  or  3  inches  in  diameter,  has  justly  ex- 
cited much  wonder.  If  these  had  been  carried  to  the  spots  where  we 
DOW  find  them  by  waves  or  currents  from  the  lands  once  bordering  the 
cretaceous  sea,  how  happened  it  that  no  sand  or  mud  were  transported 
thither  at  the  same  time  ?  We  cannot  conceive  such  rounded  stones  to 
have  been  drifted  like  erratic  blocks  by  ice,*  for  that  would  imply  a  cold 
dimate  in  tlie  Cretaceous  period ;  a  supposition  inconsistent  with  the 
luxuriant  growth  of  large  chambered  univalves,  numerous  corals,  and 
many  fish,  and  other  fossils  of  tropical  forms. 

Now  in  Keeling  Island,  one  of  those  detached  masses  of  coral  which 
rise  up  in  the  wide  Pacific,  Captain  Ross  found  a  single  fragment  of 
greenstone,  where  every  other  particle  of  matter  was  calcareous ;  and 
Mr.  Darwin  concludes  that  it  must  have  come  there  entansrjed  in  the 
roots  of  a  large  tree.  He  reminds  us  that  Chamisso,  the  distinguished 
naturalist  who  accompanied  Kotzebue,  affirms,  that  the  inhabitants  of 
the  Radack  archipelago,  a  group  of  lagoon  islands,  in  the  midst  of  the 
Pacific,  obtaineil  stones  for  sharpening  their  instruments  by  searching 
the  roots  of  trees  which  are  cast  up  on  the  beach .f 

It  may  perhaps  be  objected,  that  a  similar  mode  of  transport  cannot 
have  happened  in  the  cretaceous  sea,  because  fossil  wood  is  very  rare  in 
the  chalk.  Nevertheless  wood  is  sometimes  met  with,  and  in  the  same 
parts  of  the  chalk  where  the  pebbles  are  found,  both  in  soft  stone  and 
in  A  aificified  state  in  flints.  In  these  cases  it  has  often  every  appearance 
oi  having  been  floated  from  a  distance,  being  usually  perforated  by  bor- 
ing-shells, such  as  the  Teredo  and  Fistulana,^ 

The  only  other  mode  of  transport  which  suggests  itself  is  sea-weed. 
Dr.  Beck  informs  me,  that  in  the  Lym-Fiord,  in  Jutland,  the  Fucus  ve- 
hiculosus,  often  called  kelp,  sometimes  grows  to  the  height  of  10  feet, 
and  the  branches  rising  from  a  single  root  form  a  cluster  several  feet  in 
diameter.  When  the  bladders  are  distended,  the  plant  becomes  so  buoy- 
ant as  to  float  up  loose  stones  several  inches  in  diameter,  and  these  are 
often  thrown  by  the  waves  high  up  on  the  beach.  The  Fucus  giganteua 
of  Solander,  so  common  in  Terra  del  Fuego,  is  said  by  Captain  Cook  to 
attain  the  length  of  360  feet,  although  the  stem  is  not  much  thicker 
than  a  man^s  thumb.  It  is  often  met  with  floating  at  sea,  with  shells 
attached,  several  hundred  miles  from  the  spots  where  it  grew.  Some 
of  these  plants,  says  Mr.  Darwin,  were  found  adhering  to  large  loose 
stones  in  the  inland  channels  of  Terra  del  Fuego,  during  the  voyage 
of  the  Beagle  in  1834  ;  and  that  so  firmly,  that  the  stones  were  drawn 

*  See  chapters  z.  and  zi. 

f  Darwin,  p.  649.    Kotzebue*8  First  Voyage,  vol.  iii.  p.  165. 

X  Haotell,  GeoL  of  S.  £.  of  Enghuid,  p.  96. 
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up  from  the  liottom  into  the  boat,  although  so  heavy  Aat  they  OMdd 
scftrcely  be  lifted  in  by  one  person.  Some  fossil  eea-weeds  hare  ben 
found  in  tlic  Cretaceous  formation,  but  none,  as  yet,  of  large  tazA 

But  we  must  not  imagine  tfaat  because  pebbles  are  ho  rare  is  the 
vhile  chalk  of  England  and  France,  there  are  no  proofs  of  sand,  ahiugk, 
and  clay  liaving  been  accumulated  contemporaneously  even  in  tke 
European  seas.  The  siliceous  sandstone,  called  "  upper  quader"  1^ 
the  Germans,  overlies  white  argillaceous  chalk,  or  "  plilner-kalk,"  a  de- 
posit resembling  in  composition  and  o^anic  remains  the  chalk  tnari 
of  the  English  series.  This  sandstone  contains  as  many  fossil  sheik 
common  to  our  whil«  chalk  as  could  be  expected  in  a  sea-bottom  formed 
of  such  difl'erent  materials.  It  sometimes  attains  a  thickness  of  GOO  feet, 
and  by  its  jointed  structure  and  vertical  precipices,  plays  a  conspicooos 
part  in  the  picturesque  scenery  of  Saxon  Switzerland,  near  Dresden. 

[/pj>cr  greensand  (4  Tab.  p.  209). — The  lower  chalk  without  flint 
passes  gradually  downwards,  in  the  south  of  Eugland,  into  an  argilii- 
ceous  limestone,  "  the  chalk  marl,"  already  alluded  to,  in  which  ammo- 
nites and  other  eeplialopoda,  so  rare  in  tlie  higher  parts  of  the  serit*, 
appear.  Tliis  marly  deposit  passes  in  its  turn  into  beds  oontuiniag 
green  pnrticles  of  a  chloritic  mineral,  called  the  upper  greensand.  In 
parts  of  Surrey  calcareous  matter  is  largely  intcrraixtd,  forming  a  stone 
called /rfs/one.  In  tlie  cliffs  of  the  southern  coast  of  the  Isle  of  Wight, 
this  upper  greensand  is  100  feet  thick,  and  contains  bands  of  silieeoM 
limestone  and  calcareous  sandstone  with  nodules  of  chert 


a.  TgnibraUilalffo.      ITTppnOnei 


Oavlt — The  lowest  member  of  the  upper  Cretaceous  group,  usually 
about  100  feet  thick  in  the  S.  E.  of  England,  is  prorincially  termed  Ganh. 
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It  oonsistB  of  a  dark  blue  marl,  sometimes  intermixed  witli  greensand. 
Many  peculiar  forms  of  cephalopoda,  such  as  the  Hamiie  (fig.  221),  and 
ScaphUe^  with  other  fossils,  characterize  this  formation,  which,  small  as 
is  its  thickness,  can  be  traced  by  its  organic  remains  to  distant  parts  of 
Europe,  as  for  example,  to  the  Alps. 

The  phosphate  of  lime,  found  lately  near  Farnliam,  in  Surrey,  in  such 
abundance  as  to  be  used  largely  by  the  agriculturist  for  fertilizing  soils, 
oocnrs  exclusively,  according  to  Mr.  U.  A.  0.  Austen,  in  the  upper  green- 
sand  and  gault.  It  is  doubtless  of  animal  origin,  and  partly  coprolitic, 
probably  derived  from  the  excrement  of  fish. 

LOWER  CRETACEOUS  DIVISION.     (Xo.  6,  Tab.  p.  200.) 

That  part  of  the  Cretaceous  series  which  is  older  than  the  Gault  has 
been  commonly  called  the  Lower  Greensand.  The  greater  number  of 
its  fossils  are  specifically  distinct  from  those  of  the  upper  cretaceous 
aystein.  Dr.  Fitton,  to  whom  we  are  indebted  for  an  excellent  mono- 
graph on  this  formation  as  developed  in  England,  gives  tlie  following  as 
die  succession  of  rocks  seen  in  parts  of  Kent : 

Na  1.  Sand,  white,  yellowish,  or  ferruginous,  with  concretions  of 

limestone  and  chert, 70  feet. 

2.  Sand  with  green  matter, 70  to  100  feet 

8.  Calcareous  stone,  called  Kentish  rag,   -        •        -        •  60  to  80  feet 

In  his  detailed  description  of  the  fine  section  displayed  at  Atherfield, 
in  the  south  of  the  Isle  of  Wight,  we  find  the  limestone  wholly  wanting: 
in  fact,  the  variations  in  the  mineral  composition  of  this  group,  even  in 
contiguous  districts,  is  very  great ;  and  on  comparing  the  Atherfield  beds 
with  corresponding  strata  at  Uythe  in  Kent,  distiint  95  miles,  the  whole 
series  has  lost  half  its  thickness,  and  presents  a  very  dissimilar  aspect* 

On  the  other  hand.  Professor  E.  ForlKJS  has  shown  that  when  the  sixty- 
three  strata  at  Atherfield  are  severally  examin(*(l,  the  total  thickness  of 
which  he  gives  at  843  feet,  there  are  some  fossils  which  range  through 
the  whole  series,  others  which  are  peculiar  to  particular  divisions.  As  a 
proof  that  all  belong  chronologically  to  one  system,  he  states  that  when- 
ever similar  conditions  are  repeated  in  overlying  strata  the  same  species 
reappear.  Changes  of  depth,  or  of  the  mineral  nature  of  the  bottom, 
the  presence  or  absence  of  lime  or  of  peroxide  of  iron,  the  occurrence  of 
a  muddy,  or  a  sandy,  or  a  gravelly  bottom,  are  marked  by  the  banish- 
ment of  certain  species  and  the  predominance  of  others.  But  these  dif- 
ferences of  conditions  being  mineral,  chemical,  and  local  in  their  nature, 
have  nothing  to  do  with  the  extinction,  throughout  a  large  area,  of  cer- 
tain animals  or  plants.  The  rule  laid  down  by  this  eminent  naturalist 
for  cnablinof  us  to  test  tlie  arrival  of  a  new  state  of  things  in  the  animate 
world,  is  the  representation  by  new  and  different  species  of  corresponding 

♦  Dr.  Fitton,  Quart  GeoL  Joum.  vol.  i.  p.  179,  ii.  p.  65,  and  iil  p.  289,  where 
comparative  sections  and  a  valuable  table  showing  the  vertical  range  of  the  vari- 
oofl  fossils  of  the  lower  greensand  at  Atherfield  is  given. 
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genera  of  mollusca  or  other  beings.  When  the  forms  proper  to  loon 
sand  or  sofl,  clay,  or  a  stony  or  calcareous  bottom,  or  a  moderate  or  I 
great  depth  of  water,  recur  with  all  the  same  species,  the  interval  of 
time  has  heen,  geologically  speaking,  Btnall,  however  dense  the  mast  of 
matter  accumulated.  But  if,  the  genera  remaining  the  same,  the  apecia 
are  changed,  we  have  entered  upon  a  new  period  ;  and  no  Mmilarity  of 
climate,  or  of  geographical  and  local  conditions,  can  then  recall  the  6IA 
species  which  a  long  series  of  destructive  causes  in  the  animate  and  in- 
animate world  has  gradually  annihilated.  On  passing  from  the  lomr 
greensand  to  the  gault,  we  suddenly  reach  one  of  those  new  epoda^ 
scarcely  any  of  the  fossil  species  being  common  to  the  lower  and  upper 
cretaceous  systems,  a  break  in  the  chain  implying  no  doubt  many  n^i^ 
sing  links  in  the  series  of  geological  monuments  which  we  may  some 
day  be  able  to  supply. 

One  of  the  largest  and  most  abundant  shells  in  the  lowest  strata  cf 
the  lower  greensand,  as  displayed  in  the  Atherfield  section,  is  the  largs 
F'ma  mulleti  of  which  a  reduced  figure  is  here  given  {fig.  222). 


n»Bi. 


In  the  south  of  England,  during  the  accumulation  of  the  lower  grea- 
iand  above  described,  the  bed  of  the  sea  appears  to  have  been  contiuoal- 
ly  sinking,  from  the  commencement  of  the  period,  when  the  freshwater 
Wealden  beds  were  submerged,  to  tlie  deposition  of  those  strata  on 
which  the  gault  immediately  reposes. 

Pebbles  of  quartzose  sandstone,  jasper,  and  flinty  slate,  together  with 
grains  of  chlorite  and  mica,  speak  plainly  of  the  nature  of  the  pre~existing 
rocks,  from  the  wearing  down  of  which  the  greensand  beds  were  derived. 
The  land,  consisting  of  such  rocks,  was  douhtle^  submerged  before  tli« 
origin  of  the  white  chalk,  as  corals  can  only  multiply  in  th«  dew 
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of  the  sea  in  spaces  to  which  no  mud  or  sand  are  conveyed 
bf  cnnentB. 


Fig.  228. 


HIPPURITE    LIMESTONE. 

Difference  between  the  chalk  of  the  north  and  south  of  Europe. — 
By  the  aid  of  the  three  tests  of  relative  age,  namely,  superposition, 
mineral  character,  and  fossils,  the  geologist  has  been  enabled  to  refer 
^  the  same  Cretaceous  period  certain  rocks  in  the  north  and  south  of 
Europe,  which  differ  greatly,  both  in  their  fossil  contents  and  in  their 
mineral  composition  and  structure. 

If  we  attempt  to  trace  the  cretaceous  deposits  from  England  and 
France  to  the  countries  bordering  the  Mediterranean,  we  perceive, 
in  the  first  place  that  the  chalk  and  greensand  in  the  neighborhood 
of  London  and  Paris  form  one  great  continuous  mass,  the  Straits  of 
Dover  being  a  trifling  interruption,  a  mere  valley  with  chalk  cliffs  on 
both  sides.  We  then  observe  that  the  main  body  of  the  chalk  which 
surrounds  Paris  stretches  from  Tours  to  near  Poitiers  (see  the  annexed 
map,  fig.  223,  in  which  the  shaded  part  represents  chalk). 

Between  Poitiers  and  La  Rochelle,  the 
space  marked  A  on  the  map  separates 
two  regions  of  chalk.  This  space  is  oc- 
cupied by  the  Oolite  and  certain  other 
formations  older  than  the  Chalk,  and  has 
been  supposed  by  M.  K  de  Beaumont  to 
have  formed  an  island  in  the  cretaceous 
sea.  South  of  this  space  we  again  meet 
with  a  formation  which  we  at  once  recog- 
nize by  its  mineral  character  to  be  chalk, 
although  there  are  some  places  where  the 
rock  Womes  oolitic  The  fossils  are, 
upon  the  whole,  very  similar ;  especially 
certain  species  of  the  genera  Spatangus^ 
Ana7ichf/tes,  Cidarites^  Nucula^  Ostrea, 
Oryphaia  [Exogyra),  Pec  ten,  Plagiostoma 
(Linui\  Trigonia,  Catillus  [Inoceramus), 
and  Terebratula*  But  Ammonites,  as 
M.  d'Archiac  observes,  of  which  so  many 
species  are  met  with  in  the  chalk  of  the 

north  of  France,  are  scarcely  ever  found  in  the  southern  region  ;  while 
the  genera  Hamite,  Turrilite,  and  Scaphite,  and  perhaps  Belemnite,  are 
entirely  wanting. 

On  the  other  hand,  certain  forms  are  common  in  the  south  which  are 
rare  or  wholly  unknown  in  the  north  of  France.  Among  these  may  be 
mentioned  many  Hippurites^  Sphoerulites,  and  other  members  of  that 


*  Archiac,  sur  la  Form.  Cr^tac^e  du  S.  0.  de  la  France,  M^m.  de  la  Soc.  G^l 
de  France,  torn.  iL 
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great  danWy  of  mollusca  called  RudiiUa  by  LamMvk,  to  wbkh  Dothiog 
analogous  has  been  discovered  in  the  living  creation,  but  ivliidi  u  qnik 
cJiaracteriatic  of  rocks  of  the  Cretaceous  era  in  the  south  of  France,  Spati, 
Sitnly,  Greece,  and  other  countries  bordering  the  Mediterranean. 


HipparOtt  ertanitant,  D 
Upper  clialk :— cbilk  nurl  oT  Vjnnrir*  T* 

dlTlilual;  Hhtii  full  groim  Ottj  occDi  In  Kraiipa  adbolBg 


The  species  called  Hippurittt  organitan*  (fig.  226)  is  more  abundaitf 
than  any  otlier  in  tlie  nouth  of  Europe  ;  and  the  geologist  should  make 
himself  well  acquainted  with  the  cast  d,  which  is  far  more  common 
in  many  compact  marbles  of  the  upper  cretaceous  period  than  the  ahril 
itself)  which  has  often  wholly  disappeared.  The  flutings,  or  smooth, 
rounded,  longitudinal  ribe,  lepreseiidng  the  form  of  the  interior,  an 

•  D'Otbignj'i  Paltentdogic  Fraofuu,  pL  HI. 
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wholly  unlike  the  hippurite  itself,  and  in  some  individuals,  which  atUin 
ft  great  size  and  length,  are  very  conspicuous. 

Between  the  region  of  chalk  last  mentioned  in  which  Perigueux  is 
ntnated,  and  the  Pyrenees,  the  space  B  intervenes.  {See  Map,  p.  221.) 
Here  the  tertiary  strata  cover,  and  for  the  most  part  conceal,  the  creta- 
ceous rocks,  except  in  some  spots  where  they  have  been  laid  open  by  the 
denudation  of  newer  formations.  In  these  places  they  are  seen  still 
proiemng  the  form  of  a  white  chalky  rock,  which  is  charged  in  part 
vith  grains  of  green  sand.  Even  us  far  south  as  Tercis,  on  the  Adour, 
near  Dax,  where  I  examined  them  in  1828,  the  cretaceous  rocks  retain 
this  character.  In  that  region  M.  Grateloup  has  found  in  them  Anan- 
ehytes  ovata  {^g,  212),  and  other  fossils  of  the  English  chalk,  together 
with  Hippurites. 

FLORA    OF   THE    CRETACEOUS   PERIOD. 

Although  the  fossil  plants  of  the  Cretaceous  era  at  present  known  are 
few  in  number,  the  rocks  being  principally  marine,  they  suffice,  according 
to  M.  Ad.  Brongniart,  to  show  a  transition  character  between  the  vege- 
tation of  the  secondary  and  that  of  the  tertiary  formations.  The  ter- 
tiary strata,  when  compared  to  the  older  rocks,  are  marked  by  the  pre- 
dominance of  Exogens^  which  now  constitute  three-fourths  of  the  living 
plants  of  Uie  globe.* 

These  exogens  are  wanting  in  the  secondary  strati  generally,  but  in 
the  Cretaceous  period  they  equal  in  number  the  Cryinnoffena  (Coni/ero! 
and  Cycadece)  which  abounded  so  much  in  the  preceding  Oolitic  j>eriod, 
and  disappeared  before  the  Eocene  rocks  were  formed  .f  The  discovery 
of  a  tree-fern  in  the  ferruginous  sands  of  the  Lower  Cretaceous  group  of 
the  department  of  Ardennes  in  France  is  one  of  many  signs  of  the  con- 
trast of  the  flora,  and  doubtless  of  tlie  climate,  of  this  era  with  that  of 
the  Pliocene  and  Modem  ])eriods. 

*  Id  this  and  snbeequent  remarks  on  fossil  plants  I  shall  often  use  Dr.  Liodlcy'a 
terms,  as  most  familiar  io  this  country ;  but  as  those  of  M.  A.  Brongniart  arc  much 
cited,  it  may  be  useful  to  geologists  to  give  a  tabic  explaining  the  corresponding 
names  of  groups  so  much  spoken  of  in  ploeontology. 


Lichens,  sca-wceds,  fungi. 

IJ 

2.  Cryptogamous    aero-        Acrogens.  Mosses,  equisetums,  ferns,  lyco- 

Js  gens.  podiums — Lcpidodendron. 

Conifers  and  Cycads. 

Composite,  leguminossD,  umbel- 
liferas,   cruciferse,  heaths,   dec. 

All  native  European  trees  ex- 
cept conifers. 

Palms,  lilies,  aloes,  mshea^  graat- 
es,  ^c. 

t  A.  Broogniart^  Vegei.  Foea.  Diet  Univ.  p.  Ill,  1849. 


Brongnisrt 

Lindlcy. 

1.  Cryptogamous     am- 

pnigens,  or  cellular 
cryptogamic. 

2.  Cryptogamous    acro- 

gens. 

Thallogens. 
Acrogens. 

8.  Dicotyledonous  gym- 

nosperms. 
4  Dicot  Angtosperms. 

Oymnogcns. 
Exogens. 

6.  MoDoootyledona. 

Endogens. 
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CRETACEOUS   ROCKS   IN    THE   UNITED    STATES. 

If  we  pass  to  the  American  continent,  we  find  in  the  state  of  New 
Jersey  a  series  of  sandy  and  argillaceous  beds  wholly  unlike  our  Upper 
Cretaceous  system ;  which  we  can,  nevertheless,  recognize  as  referable, 
paleontologically,  to  the  same  division. 

That  they  were  about  the  same  age  generally  as  the  European  chalk 
and  greensarid,  was  the  conclusion  to  which  Dr.  Morton  and  Mr.  Oonnd 
came  after  their  investigation  of  the  fossils  in  1834.  The  strata  oonnt 
chiefly  of  greensand  and  green  marl,  with  an  overlying  coralline  Dm©- 
stone  of  a  pale  yellow  color,  and  the  fossils,  on  tlie  whole,  agree  most 
nearly  with  those  of  the  upper  European  series,  from  the  Maestricht  beds 
to  the  gault  inclusive.  I  collected  sixty  shells  from  the  New  Jetsej 
deposits  in  1841  ;  five  of  which  were  identical  with  European  species — 
Ostrea  larva,  0.  vesicularis,  Oryphcsa  costatay  Pecten  quinqtu-costatut, 
Belemniiea  mucronatus.  As  some  of  these  have  the  great^t  vertical 
range  in  Europe,  tliey  might  be  expected  more  than  any  otliers  to  recur 
in  distant  parts  of  Uie  globe.  Even  where  the  species  are  different,  the 
generic  forms,  such  as  tlie  Baculite  and  certain  sections  of  Ammoniteii^ 
as  also  the  Inoceramus  (see  above,  fig.  208)  and  oUier  bivalves,  have  a 
decidedly  cretaceous  aspect.  Fifteen  out  of  the  sixty  shells  above  alluded 
to,  were  regarded  by  Professor  Forbes  as  good  geographical  representir 
tives  of  well-known  cretaceous  fossils  of  Europe.  The  correspondence* 
therefore,  is  not  small,  when  we  reflect  that  the  part  of  the  United  States 
where  these  strata  occur  is  between  3000  and  4000  miles  distant  from 
the  chalk  of  Central  and  Northern  Europe,  and  that  there  is  a  difference 
of  ten  degrees  in  the  latitude  of  the  places  compared  on  opposite  sides 
of  the  Atlantic* 

Fish  of  the  genera  Lamna,  Galeus,  and  Carcharias  are  common  to 
New  Jersey  and  the  European  cretaceous  rocks.  So  also  is  the  genus 
Mosasaurus  among  reptiles,  and  Pliosaurus  (Owen),  another  saurian 
likewise  obtained  from  the  English  chalk.  From  New  Jersey  the  creta- 
ceous fonnation  extends  southwards  to  North  Carolina,  Georgia,  and 
Alabama,  cropping  out  at  intervals  from  beneath  the  tertiary  strata, 
between  the  Appalachian  Mountains  and  the  Atlantic.  They  then  sweep 
round  the  southern  extremity  of  that  chain,  and  stretch  northwards 
again  to  Tennessee  and  Kentucky.  They  have  also  been  traced  far  up 
the  valley  of  the  Missouri  275  English  miles  above  its  mouth  to  the 
neighborhood  of  Fort  Leavenworth  ;  and  southwards  to  Texas,  according 
to  the  observations  of  Ferdinand  Roemer;  so  that  already  the  area  which 
they  are  ascertained  to  occupy  in  North  America  may  perhaps  equal 
tlieir  extent  in  Europe.  So  little  do  Uiey  resemble  mineralogically  the 
European  white  chalk,  that  limestone  in  North  America  is,  upon  the 
whole,  an  exception  to  the  rule ;  and,  even  in  Alabama,  where  I  saw  a 
calcareous  member  of  this  group,  the  marl-stones  are  much  more  like  the 

*  See  a  paper  by  the  author,  Quart  Joora.  QeoL  Socl  tqL  L  p.  66. 
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ftigliiih  and  French  Lias  than  any  other  secondary  deposit  of  the  Old 
World. 

At  the  base  of  the  system  in  Alabama  I  found  dense  masses  of  shin- 
gle^ perfectly  loose  and  unconsolidated,  derived  from  the  waste  of  paleo- 
aoie  (or  carboniferous)  rocks,  a  mass  in  no  way  distinguishable,  except 
by  ita  position,  from  ordinary  alluvium,  but  covered  with  marls  abound- 
ing in  loocerami. 

In  Texas,  according  to  F.  ROmer,  the  chalk  assumes  a  new  lithological 
type,  a  large  portion  of  it  consisting  of  hard  siliceous  limestone,  but  the 
dgnnic  remains  leaving  no  doubt  in  regard  to  its  age. 

In  South  America  the  cretaceous  strata  have  been  discovered  iu  Co- 
lombia, as  at  Bogota  and  elsewhere,  containing  Ammonites,  Hamites, 
Inooerami,  and  other  characteristic  shells.* 

In  the  South  of  India,  also,  at  Pondicherry,  Yerdachellum,  and  Trin- 
conopoly,  Messrs.  Eaye  and  Egerton  have  collected  fossils  belonging  to 
tbe  cretaceous  system.  Taken  in  connection  with  those  from  the  United 
States,  they  prove,  says  Prof.  K  Forbes,  that  those  powerful  causes  which 
stamped  a  peculiar  charactef  on  the  forms  of  marine  animal  life  at  this 
period,  exerted  their  full  intensity  through  the  Indian,  European,  and 
American  seas.f  Here,  as  in  North  and  South  America,  the  cretaceous 
character  can  be  recognized  even  where  there  is  no  specific  identity  in 
the  fossils ;  and  the  same  may  be  said  of  the  organic  type  of  those  rocks 
in  Europe  and  India  which  succeed  next,  in  the  ascending  and  descend- 
ing order,  the  Eocene  and  the  Oolitic 
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WEALDEN    GROUP. 


The  WealdeD  divisible  into  Weald  Clay,  Hastings  Sand,  and  Purbeck  Beds — In- 
tercalated  between  two  marine  formations — Weald  clny  and  Cypris-bearing 
gtrata^-Igaanodon — Hastings  sands — Fossil  fish — Strata  formed  in  shallow 
water — ^Brackish  water-beds — Upper,  middle,  and  lower  Purbeck — Alternations 
of  brackish  water,  freshwater,  and  land — Dirt-bed,  or  ancient  soil — Distinct 
species  of  fossils  in  each  subdirision  of  the  Wealden — Lapse  of  time  implied — 
Plants  and  insects  of  Wealden — Geographical  extent  of  Wealden — Its  relation 
to  the  cretaceous  and  oolitic  periods — MoTements  in  the  earth's  crust  to  which 
H  owed  its  origin  and  submergence. 

Bbxeath  the  cretaceous  rocks  in  the  S.  £.  of  England,  a  freshwater 
formation  is  found,  called  the  Wealden  (see  Nos.  5  and  6,  Map,  p.  242), 
which,  although  it  occupies  a  small  horizontal  area  in  Europe,  as  com- 
pared to  the  dbalk,  is  nevertheless  of  great  geological  interest,  not  only 
from  its  position,  as  being  interpolated  between  two  great  marine  forma- 

*  Proceed.  0«ol  Soc  iy.  p.  891. 
t  See  Forbet»  Quart  Oed.  Joum.  yoL  L  pu  79. 
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tionB  (Nos.  7  and  9,  Table,  p.  103),  but  also  because  the  imbedded  fooilc 
indicate  a  grand  succession  of  changes  in  organic  life,  effected  during  iti 
accumulation.  It  is  composed  of  three  minor  divisions,  the  Weald  Claj, 
the  Hastings,  and  the  Purbeck  Beds,  of  which  the  aggregate  thickness 
in  some  districts  may  be  700  or  800  feet ;  but  which  would  be  mudi 
more  considerable  (perhaps  2000  feet),  were  we  to  add  together  the  ex- 
treme thickness  acquired  by  each  of  them  in  their  fullest  development 
The  common  name  of  Wealden  was  given  to  the  whole,  because  it 
was  first  studied  in  parts  of  Kent,  Surrey,  and  Sussex,  called  the  Weald 
(sec  Map,  p.  242),  and  we  arc  indebted  to  Dr.  Mantell  for  having  shown 
in  1822,  in  his  Geology  of  Sussex,  that  the  whole  group  was  of  fluviatile 
origin.  In  proof  of  this  he  called  attention  to  the  entire  absence  of  Am- 
monites, Belemnites,  Terebratulse,  Echini  tea.  Corals,  and  other  manDe 
fossils,  so  characteristic  of  the  cretaceous  rocks  above,  and  of  the  Oolitic 
strata  below,  and  to  the  presence  of  Paludinse,  Melanise,  and  various 
fluviatile  shells,  as  well  as  the  bones  of  terrestrial  reptiles  and  the  trunks 
imd  leaves  of  iand  plants. 
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Position  of  the  Wealden  between  two  marine  formations 

The  evidence  of  so  unexpected  a  fact  as  the  infra-position  of  a  dense 
Tmass  of  purely  freshwater  origin  to  a  deep-sea  deposit  (a  phenomenon 
•with  which  we  have  since  become  familiar,  in  other  chapters  of  the  earth*s 
autobiography),  was  received,  at  first,  with  no  small  doubt  and  incredu- 
lity. But  the  relative  position  of  the  beds  is  unequivocal ;  the  Weald 
Clay  being  -distinctly  seen  to  pass  beneath  the  Greensand  in  various  parts 
of  Surrey,  Kent,  and  Sussex ;  and  if  we  proceed  from  Sussex  westward 
to  the  Vale  of  Ward  our,  we  there  again  observe  the  same  formation,  or, 
at  least,  the  lower  division  of  it,  the  Purbeck,  occupying  the  same  rela- 
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tive  position,  and  resting  on  the  Oolite  (see  fig.  228).  Or  if  we  pass 
from  the  base  of  the  South  Downs  in  Sussex,  and  cross  to  the  Isle  ct 
Wight,  we  there  again  meet  with  the  Wealden  series  reappearing  be- 
neath  the  Greensand,  and  cannot  doubt  that  the  beds  are  prolonged  mJI> 
terraneously,  as  indicated  by  the  dotted  lines  in  fig.  220. 
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The  minor  groups  into  which  the  Wealden  has  been  commonlj 
divided  in  England  are,  as  before  stated,  three,  and  they  succeed  eack 
other  in  the  following  descending  order  : — * 

Thlokneaa. 
Iti.  Weald  Clay,  sometimes  including  thin  beds  of  sand  and 

shelly  limestone, 140  to  280  ft 

2d.  Hasting  Sand,  in  which  occur  some  clays  and  calcareous 

grite, 400  to  500  ft. 

3d.  Purbeck  Beds,  consisting  of  yarious  kinds  of  limestones  and 

marls, 160  to  200  ft. 

Weald  Clay, 

The  first  division,  or  Weald  Clay,  is  of  purely  freshwater  origin.  The 
uppermost  beds  are  not  only  conformable,  as  Dr.  Fitton  observes,  to  the 
inferior  strata  of  the  Lower  Greensand,  but  of  similar  mineral  composi- 
tioD.  To  explain  this,  we  may  suppose,  that  as  the  delta  of  a  great 
river  was  tranquilly  subsiding,  so  as  to  allow  the  sea  to  encroach  upon 
the  space  previously  occupied  by  freshwater,  the  river  still  continued  to 
carry  down  the  same  sediment  into  the  sea.  In  confirmation  of  this 
view  it  may  be  stated,  that  the  remains  of  the  Iguanodon  Mantelliy  a 
gigantic  terrestrial  reptile,  very  characteristic  of  the  Wealden,  has  been 
discovered  near  Maidstone,  in  the  overlying  Kentish  rag,  or  marine  lime- 
stone of  the  Lower  Greensand.  Hence  we  may  infer  that  some  of  the 
saurians  which  inhabited  the  country  of  the  great  river  continued  to  live 
when  part  of  the  country  had  become  submerged  beneath  the  sea.  Thus, 
in  our  own  times,  we  may  suppose  the  bones  of  large  alligators  to  be 
frequently  entombed  in  recent  freshwater  strata  in  the  delta  of  the  Gan- 
ges. But  if  part  of  that  delta  should  sink  down  so  as  to  be  covered  by 
the  sea,  marine  formations  might  begin  to  accumulate  in  the  same  space 
where  freshwater  beds  had  previously  been  formed  ;  and  yet  the  Ganges 
might  still  pour  down  its  turbid  waters  in  the  same  direction,  and  carry 
seaward  the  carcasses  of  the  same  species  of  alligator,  in  which  case 
their  bones  might  be  included  in  marine  as  well  as  in  subjacent  fresh- 
water strata. 

The  Iguanodon,  first  discovered  by  Dr.  Mantell,  has  left  more  of  its 
remains  in  the  Wealden  strata  of  the  southeastern  counties,  and  Isle  of 
Wight,  than  any  other  genus  of  associated  saurians.  It  was  an  her- 
bivorous reptile,  and  regarded  by  Cuvier  as  more  extraordinary  than  any 
with  which  he  was  acquainted  ;  for  tlie  teeth,  though  bearing  a  great 
analogy  to  the  modem  Iguanas  which  now  frequent  the  tropical  woods 
of  America  and  the  West  Indies,  exhibit  many  striking  and  important 

•  Dr.  Fitton,  GeoL  Trana.  yoL  iv.  p.  820.    Second  Series. 
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differences  (see  fig.  230),  It  appears  that  they  have  been  worn  by  na»- 
tication  ;  whereas  the  existing  herbiTorous  reptiles  clip  and  gnaw  off  tht 
vegetable  productions  od  which  they  feed,  but  do  not  chew  them.  Thdr 
teeth,  when  worn,  present  an  appearance  of  having  been  chipped  ofi^  and 
never,  like  the  fossil  tectii  of  the  Iguanodon,  have  a  flat  ground  surbee 
(see  6a.  231),  resemblinir  th( 

Teelh  of  Ignuiodon.  .     ,°        -  ,       ,  - 

Pi(,  »so.  gnndere  of  herbivorous  main- 

^^  malia.    Dr.Mantell  computa 

1^^^.  that  the  teeth  and  bones  <rt 

^^^H  this  animal  which  have  pawed 

^^^1  ^Hfl^^to,        ""(^^  his  examination  during 

^^H  J^SSSS^M       ^'^  '^'  twenty  yeara,  niQSt 

^H  ^^^jr^S        '^"^^  belonged  to  no  less  than 

^H  ^3S^pM^^&       seventy-one  distinct  individn- 

1^  ^Bfi^l^P       als;  varying  in  age  and  mag- 

Pirtkiij^omfoothof.       orown  rf  tooth  in  »iBH.  "itude  from  the  reptile  just 

joong  ininuL   (Muilell.)         worn  down.    (M.nlelL)    burst  from   the   egg,  tO  one  ol 

which  the  femur  measiired  24  inelies  in  circumferencfc  Yet  notwith- 
standing that  the  teeth  were  more  numerous  than  any  other  bones,  it  is 
remarkable  that  it  was  not  till  the  relics  of  all  these  individuals  had 
been  found,  that  a  solitary  example  of  part  of  a  jaw-bone  was  obtaiaed. 
More  recently  remains  both  of  the  upper  and  lower  jaw  have  been  met 
with  in  the  Hastings  Beds  in  Tilgat«  Forest.  Their  mze  was  somewhat 
greater  tl)an  had  been  anticipated,  and  even  allowing  that  the  tail  was 
short,  which  Professor  Owen  infers  from  the  short  bodies  of  the  caudal 
vertebrie.  Dr.  Mantell  estimates  the  probable  length  of  some  of  these 
saurians  at  between  30  and  40  feet  The  largest  femur  yet  found  mea- 
sures 4  feet  8  inches  in  length,  the  circumference  of  the  shaft  being  25 
inches,  and  round  the  condyles  42  inches. 

Occasionally  hands  of  limestone,  called  Sussex  Marble,  occur  in  the 
Weald  Clay,  almost  entirely  composed  of  a  species  of  Patuditta  closely 
resembling  the  common  P.  mmpara  of  English  rivers. 

Shells  of  the  Ci/pri.i,  an  animnl  belonging  to  the  Crustacea,  and  before 

Fig.  238.  Fig.  184. 


menlioned  (p.  31)aa  abounding  in  lakes  and  ponds, 
are  also  plentifully  scattered  through  the  clays  ol 
the  Wealdcn,  sometimes  produdng,  like  the  plates 
of  mica,  a  thin  lamination  (see  fig.  295).  Similar 
(^riferous  marls  are  found  in  the  lacustrine  tertiary 
beds  of  Auveigne  (see  above,  p.  188). 
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Ha*ting»  Sandi, 

TTiis  middle  division  of  the  Wealden  consisto  of  aapd,  calciferous  grit, 
cUf,  und  abtHe  :  the  a^llafeoua  strata,  notwithstanding  the  name,  be- 
ing nearly  in  the  same  proportion  as  the  arenaceous.  The  calcareous 
ssndatone  and  grit  of  Tilgate  Forest,  ne«r  Cuckfield,  in  which  the  re- 
maina  of  the  Iguanodon  and  Hyleoaaurus  were  first  found,  constitute 
an  upper  member  of  this  formation.  The  white  "  sand-rock"  of  the 
Hastings  cliffs,  about  100  feet  thick,  is  one  of  the  lower  members  of  the 
Bttme.  The  reptiles,  which  are  very  abundant  in  it,  consist  partly  of 
aaurians,  already  referred  by  Owen  and  Mantell  to  eight  genera,  among 
which,  besides  those  already  enumerated,  we  find  the  Megalosaurus  and 
Flesioeaurus.  The  Pterodactyl,  also  a  flying  reptile,  is  met  with  in  the 
same  strata,  and  many  remains  of  Testudinata  of  the  genera  Trioynx 
and  Emyt,  now  confined  to  tropical  regions. 

The  fishes  of  the  "Wealdeu  belong  partly  to  the  genera  Pyenodui  and 
Hi/bodut  (see  figure  of  genus  in  Chap.  XXI.),  forma  common  to  the 
Wealden  and  Oolite ;  but  the  teeth  and  scales  of  a  species  of  Lepidoltii 
tae  most  widely  diffused  (see  fig.  £36).     The  general  form  of  these  fish 


WBB  that  of  the  carp  tribe,  although  perfectly  distinct  in  anatomical  char- 
acter, and  more  allied  to  the  pike.  The  whole  body  wa.^  covered  with 
large  rhoraboidal  scales,  very  thick,  and  having  the  exposed  part  covered 
with  enamel.  Most  of  the  species  of  this  genua  are  supposed  to  have 
heen  either  river  fish,  or  inhabitants  of  tho  coasts,  having  not  sutBcIent 
powers  of  swimming  to  advance  into  the  deep  sea. 

The  shells  of  the  Hastings  beds  belong  to  the  genera  Melanopaii, 
Melania,  Paludina,   Cr/rena,  Cyclas,  Unto,  and  others,  which  inhabit 
rivers  or  lakes;  but  one  band  has  been 
Ftft  S3T,  found  in  Dorsetshire  indicating  a  brackish 

_j^^  ^^^b^        state  of  the  water,  and,  in  some  places, 

^^Br^  j^j^^BBl  ^ven  a  saltness,  like  that  of  the  sea,  where 
^^^b9~  ^^^^IP  ^''°  genera  Corhula  (see  £g.  237),  My- 
^^^K^  ^U^^  lilas,  and  Oilrea  occur.  At  different 
ArftaiBobXa,  Fition.  HigiiOvl  beights  in  the  Hastings  Sand,  in  the  mid- 
dle of  the  Wealden,  we  find  again  and 
again  slabs  of  sandstone  with  a  strong  ripple-mark,  and  between  these 
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slabe  beds  of  ciay  many  yards  thiclt.  In  some  places,  as  at  6t&mD»- 
Lam,  near  Horsham,  there  are  ittdicatJons  of  tbis  clay  having  been  ex- 
posed HO  as  to  dry  and  cractc  before  the  next  layer  was  thrown  dowa 
upon  it.  The  open  cracks  in  the  clay  have  served  as  moulds,  lA  whidi 
casts  have  been  taken  in  relief^  and  which  are,  therefore,  seen  on  tht 
lower  surface  of  the  sandstone  (se 


F)g.!8B. 


jttd  In  dliratwr. 

Near  the  snrae  place  a  reddisli  sandstone  occurs  in  which  are  innv- 
uemble  traces  of  a  fossil  vegetable,  apparently  Spkenopterii,  the  stem 
and  branches  of  which  are  disposed  h 
if  the  plants  were  standing  erect  on  the 
spot  where  they  originally  grew,  the 
sand  having  been  gently  deposited  upon 
and  arouud  them ;  and  similar  appeal^ 
ances  hnve  been  remnrked  in  other 
places  in  this  formation.*  In  the  snme 
division  also  of  the  Wealden,  at  Cuck- 
field,  is  a  bed  of  gravel  or  conglomer- 
■  ale,  consisting  of  water-worn  pebbles  at 
quartz  and  jasper,  with  rolled  bones  of 
reptiles.  These  niust  have  been  drifted 
by  a  current,  probably  in  water  of  no  great  depth. 

From  such  facts  we  may  infer  that,  notwithstanding  the  great  thiclc- 
neu  of  this  division  of  the  Wealden  (and  the  same  observation  applia 
to  the  Weald  Clay  and  Purbeck  Beds),  the  whole  of  it  was  a  deposit 
in  water  of  a  moderate  depth,  and  often  extremely  shallow.  This  idea 
may  seem  startling  at  lirst,  yet  such  would  be  the  natural  consequence 
of  a  gradual  and  continuous  sinking  of  the  ground  in  an  estuary  or 
bay,  into  which  a  great  river  discharged  its  turbid  waters.  By  eadi 
foot  of  subsidence,  the  fiindamental  rock,  such  as  the  Portland  Oolite, 
would  be  depressed  one  foot  farther  from  the  surface ;  but  the  bay  would 
*■  llaatell,  OeoL  of  8.  E.  of  Engluid,  p.  S4<. 


•  ararflU  I  Futon),  from  sv 
'qobrldga  Well  a. 
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Doi  be  deepened,  if  newly  deposited  mud  and  sand  should  raise  the 
bott<Hn  one  foot  On  the  contrary,  such  new  strata  of  sand  and  mud 
might  be  frequently  laid  dry  at  low  water,  or  overgrown  for  a  season  by 
a  ve^tation  proper  to  marshes. 

Purbeck  Beds. 

Immediately  below  the  Hastings  Sands  we  find  a  series  of  calcareous 
slates,  marls,  and  limestones,  called  the  Purbeck  Beds,  because  w^ell  ex- 
posed to  view  in  the  sea-cliffs  of  the  Peninsula  of  Purbeck,  especially  in 
Durlestone  Bay,  near  Swanage.  They  may  also  be  advantageously 
studied  at  Lulworth  Cove  and  the  neighboring  bays  between  Weymouth 
and  Dorchester.  At  Meup's  Bay  in  particular.  Prof.  E.  Forbes  has 
recently  examined  minutely  the  organic  remains  of  the  three  members  of 
the  Purbeck  group,  displayed  there  in  a  vertical  section  155  feet  thick. 
To  the  information  previously  supplied  in  the  works  of  Messrs.  Webster, 
Fitton,  De  la  Beche,  Buckland,  and  Mantell,  he  has  made  most  ample 
and  important  additions,  so  that  it  will  be  desirable  to  give  them  at 
some  length,  it  appearing  that  the  Upper,  Middle,  and  Lower  Purbecks 
are  each  marked  by  peculiar  species  of  organic  remains,  these  again  being 
different,  so  far  as  a  comparison  has  yet  been  instituted,  from  the  fossils 
of  the  overlying  Hastings  Sands  and  Weald  Clay.  This  result  cannot 
fail  to  excite  much  wonder,  and  it  leads  us  to  suspect  that  the  Wealden 
period,  which  many  geologists  have  scarcely  deigned  to  notice  in  their 
classification,  may  comprehend  the  history  of  a  lapse  of  time  as  great  as 
that  of  the  Oolitic  or  Cretaceous  eras  respectively.* 

Upper  Purbeck. —  The  highest  of  the  three  divisions  is  purely  fresh- 
water, the  strata,  about  50  feet  in  thickness,  containing  shells  of  the 
genera  Paludina,  Physa^  Lymnea^  Planorbis^  Valvata,  Cyclas^  and 
Unio^  with  cyprides,  and  fish. 

Middle  Purbeck. — To  these  succeed  the  Middle  Purbeck,  about 
30  feet  thick,  the  uppermost  part  of  which  consists  of  freshwater  lime- 
stone, with  cyprides,  turtles,  and  fish  of  different  species  from  those  in 
the  preceding  strata.  Below  the  limestone  are  brackish-water  beds 
full  of  Cyrena^  and  traversed  by  bands  abounding  in  Corvulcc  and 
Ifelaruo!.  These  are  based  on  a  purely  marine  deposit,  with  Pecten^ 
Modiola,  Avicula^  and  Tkrada,  all  undescribed  shells.  Below  this, 
again,  come  limestones  and  shales,  partly  of  brackish  and  partly  of 
freshwater  origin,  in  which  many  fish,  especially  species  of  LepidotuB 
and  Microdon  radiatu^^  are  found,  and  a  reptile,  named  Macrorkyncus, 
Among  the  mollusks,  a  remarkable  ribbed  Melania,  of  the  section  Chi- 
lira,  occurs. 

Immediately  below  is  the  great  and  conspicuous  stratum,  12  feet 
thick,  long  familiar  to  geologists  under  the  local  name  of  "  Cinder-bed," 
formed  of  a  vast  accumulation  of  shells  of  Ostrea  distorta  (fig.  240). 

♦  On  the  DfNvetshire  Purbecks,  by  Prof.  E.  Forbes,  Ediob.  Brit.  Assoc  Aug. 
1860. 
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'^•^^  In  the  uppennoBt  part  of  this  bed  Mr.  Fori)e» 

^S^^^^^..         discovered  the  first  echiDoderm  as  yet  known  in 

A^^^l^^^^     the  Purbeck  series,  a  species  of  HenUcidcuris,  a  g«- 

^^^^^ui|^B     nus  characteristic  of  the  Oolitic  period.    It  was 

^^^^^^H^      accompanied  by  a  species  of  Pema,     Below  the 

^^^^^^^        Cinder-bed  freshwater  strata  are  again  seen,  filled 
Cinder-bed.  in  many  places  with  species  of  Cypris,    Valttata^ 

Paludina^  Plaiiorbis,  Lymnea^  Phym^  and  Cyclas,  all  different  from 
any  we  had  previously  seen  above.  Thick  siliceous  beds  of  chert,  filled 
with  these  fossils,  occur  in  a  beautiful  state  of  preservation,  often  con- 
verted into  chalcedony.  Among  these  Mr.  Forbes  met  with  gyrogonites 
(the  spore  vesicles  of  Charce),  plants  never  before  discovered  in  rocks 
older  ^an  the  Eocene.  Again,  beneath  these  freshwater  strata,  a  very 
thin  band  of  greenish  shales,  with  marine  shells  and  impressions  of 
leaves,  like  those  of  a  large  Zostera,  succeeds,  forming  the  base  of  the 
Middle  Purbeck, 

Lower  Purbeck, — Beneath  the  thin  marine  band  last  mentioned,  pure- 
ly freshwater  marls  occur,  containing  species  of  Cypris,  Valvata^  and 
Lymnea,  different  from  those  of  the  Middle  Purbeck.  This  is  the  be- 
jrinnins:  of  the  Inferior  division,  which  is  about  80  feet  thick.  Below 
the  marls  are  seen  more  than  thirty  feet  of  brackish-water  beds,  at 
Meup's  Bay,  abounding  in  a  species  of  Serpula^  allied  to,  if  not  identical 
with,  Serpula  coacervites,  found  in  the  Wealden  of  Hanover.  There 
are  also  shells  of  the  genus  RUsoa  (of  the  subgenus  Jlydrobia),  and  a 
little  Cardium  of  the  subgenus  Protocardium,  in  the  same  beds,  together 
with  Cypris.  Some  of  the  cypris-bearing  shales  are  strangely  contorted 
and  broken  up,  at  the  west  end  of  the  isle  of  Purbeck.  The  'great  dirt- 
bed  or  vegetable  soil  containing  the  roots  and  stools  of  Cycadece^  which 
I  shall  presently  describe,  underlies  these  marls,  resting  upon  the  lowest 
freshwater  limestone,  a  rock  about  8  feet  Uiick,  containing  Cycladet^ 
Valvata,  and  Lymnea,  of  the  same  species  as  those  of  tlie  uppermost 
part  of  the  Lower  Purbeck.  This  rock  rests  upon  the  top  beds  of  the 
Portland  stone,  which  is  purely  marine,  and  between  which  and  the 
Purbecks  there  is  no  passage. 

The  most  remarkable  of  all  the  varied  successions  of  beds  enumerated 
in  the  above  list,  is  that  called  by  the  quarrymen  "  the  dirt,"  or  "  black 
dirt,"  which  was  evidently  an  ancient  vegetable  soil.  It  is  from  12  to 
18  inches  thick,  is  of  a  dark  brown  or  black  color,  and  contains  a  large 
proportion  of  earthy  lignite.  Through  it  are  dispersed  rounded  frag- 
ments of  stone,  from  3  to  9  inches  in  diameter,  in  such  numbers  that  it 
almost  deserves  the  name  of  gravel.  Many  silicified  trunks  of  coniferous 
trees,  and  the  remains  of  plants  allied  to  Zamia  and  Cycas,  are  buried  in 
this  dirt-bed  (see  figure  of  living  Zamia,  fig.  241). 

These  plants  must  have  become  fossil  on  the  spots  where  they  grew. 
The  stumps  of  the  trees  stand  erect  for  a  height  of  from  1  to  3  feet,  and 
even  in  one  instance  to  6  feet,  with  their  roots  attached  to  the  soil  at 
about  the  same  distances  from  one  another  as  the  trees  in  a  modem 
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fi>refit.t  The  cArboDaceous  matter  is  mcwt  abundnnt  immetliutelv  around 
the  stumps,  and  round  tlie  remains  of  fossil  C'/caJea:.'^ 

Besides  the  upright  stumps  above  mciitioiied,  the  dirt-betl  contains  the 
■teiiis  of  silicified  trees  kid  prostrate.  These  are  partly  sunk  into  the 
black  earth,  and  partly  envelo]>ed  hy  a  calcareous  slate  which  covers  the 
dirt-bed.  Tlie  fragments  of  the  pro»itrate  trees  arc  rarely  more  than  3 
or  4  feet  in  length  ;  but  by  joining  many  of  them  together,  trunks  have 
been  restored,  having  a  length  from  the  root  to  the  branches  of  from  20 
to  23  feet,  tlie  stems  being  undivided  for  IT  or  20  feel,  and  then  forked. 
Hie  diameter  of  these  near  the  roots  is  about  1  foot.g  Root-shaped  cav- 
ities were  observed  by  Professor  llenslow  to  descend  from  the  bottom  of 
tlie  dirt-bed  into  tlie  siibjaceitt  freshwater  stone,  which,  though  now 
solid,  must  have  been  in  a  soft  and  penetrable  state  when  the  trees  grew.|| 

The  thin  layera  of  calcareous  sUitc  {fig,  242)  were  evidently  deposited 
tnnqailly,  and  would  have  been  horizontal  but  iur  the  protrusion  of 


Ui«  Lower  Pdi< 


ShUoii  In  Ida  of  Portlud,  Donet    (Bocklutd  and  D*  !■  Bacha.) 


die  stumps  of  the  trees,  around  the  top  of  each  of  which  they  form 
bemispherical  concretions. 


*  See  Fliader'a  Vojtge. 

t  Hr.  Webcter  firat  noticed  the  ei 
KrtbeA 

i  Fitton.  OeoL  Tnuu.  Second  Sorie*.  tdL  ii 

g  FIttoD,  ibid. 

I  BucliUad  and  De  la  Becbe,  OeoL  Trans.  Second  Series,  rot  iv.  p  16.  Hr 
Forbes  luu  ucertuned  that  the  Bubjaceot  rock  is  a  freahwater  limeatone,  and  not 
a  portim  of  the  Portland  oolite,  as  wu  pretiotulj  imagined. 


A  poution  of  the  tree*  and  described  the 
r.  pp.  220,  221. 
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The  dirt-bed  is  by  no  means  coofined  to  the  island  of  Pt^tUod,  vim 

it  hna  been  iao»t  carefully  studied,  but  is  seen  in  the  same  relative  poM> 
tion  in  tlic  cliffy  east  of  Lulworth  Core,  in  Dorsetshire,  where,  as  tbe 
strata  have  been  disturbed,  and  are  now  inclined  at  an  angle  of  45^,  Iba 
stumps  of  the  trees  are  abo  inclined  at  the  same  angle  in  an  oppoatc 
direction — a  beautiful  illustration  of  a  change  in  the  position  of  bedi 
originally  horizontal  (see  fig.  243).     Traces  of  the  dirt-bed  have  aln 
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CoTc    (Dockluiil  uid  D*  1*  Bftctat.) 


been  observed  by  Dr.  Buckland,  about  two  miles  north  of  Thame,  ia 
Oxfordshire  ;  and  by  Dr.  Fittoo,  in  the  cliffs  of  the  Boulonnois,  on  the 
French  coast ;  but,  as  might  be  expected,  this  freshwater  deposit  is  of 
limited  extent  when  compared  to  most  marine  formations. 

From  the  facts  above  described,  we  may  infer,  first,  that  the  supeiiw 
beds  of  the  Oolite,  called  "  the  Portland,"  which  are  fitll  of  marine  sheila, 
were  overspread  with  lluviatile  mud,  which  became  dry  land,  and  covered 
by  a  forest,  throughout  a  portion  of  the  space  now  occupied  by  tbe 
south  of  England,  the  climate  being  such  as  to  admit  the  growth  of  the 
Zamia  and  Cijcax.  2dly.  This  land  at  length  sank  down  and  was  sub- 
merged with  il.i  forests  beneath  a  body  of  fresh  water,  from  which  sedi- 
ment was  thrown  down  enveloping  fluviatile  shells.  3dly.  Tlie  r^ular 
and  uniform  preservation  of  this  thin  bed  of  black  earth  over  a  distance 
of  many  miles,  shows  tliat  the  change  from  dry  land  to  the  stat«  of  a 
freshwater  lake  or  estuary,  was  not  accoinpanied  by  any  violent  denuda- 
tion, or  ru^li  of  water,  since  the  loose  black  earth,  together  with  the  trees 
which  lay  prostrate  on  its  surface,  must  inevitably  have  been  swept  away 
had  any  such  violent  catastrophe  then  taken  place. 

The  dirt-bed  has  been  described  above  in  its  most  umple  form,  but  in 
some  sections  the  appearances  are  more  complicated.  The  forest  of  the 
dirt-bed  w.is  not  everywhere  the  first  vegetation  which  grew  in  this 
r^on.  Two  other  beds  of  carbonaceous  clay,  one  of  them  containing 
Cyeadeo!,  in  an  upright  position,  have  been  found  below  it,  and  one 
above  it,*  which  implies  other  oscillations  in  the  level  of  the  same  ground) 
and  its  alternate  occupation  by  land  and  water  more  than  once. 

•  R  Fortm,  ibid. 
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TMe  Mhowmg  the  changes  of  medium  in  which  the  strata  were  formed, 
from  the  *  Lower  Greensand  to  the  Portland  Stone  inclusive,  in  the 
south-east  of  England, 


1.  Karine 
S.  Freshwater 

5,  Freshwater 
BrackUh 
Freshwater 

4.  Freshwater 

6.  Freshwater 
Brackish 
Marine 
Brackish 
Marine 
Freshwater 
Marine 


Lower  greensand. 
Weald  clay. 

Hastings  sand. 

Upper  Purbeck". 

Middle  Purbeck. 


6.  Freshwater 
Brackish 
Land 

Freshwater 
Land  (dirt-bed) 
Freshwater 
Land 

Freshwater 
Land 
Freshwater 

7.  Marine 


^  Lower  Purbeck. 


Portland  stone. 


The  annexed  tabular  view  will  enable  the  reader  to  take  in  at  a  glance 
the  successive  changes  from  sea  to  river,  and  from  river  to  sea,  or  from 
these  again  to  a  state  of  land,  which  have  occurred  in  this  part  of  Eng- 
land between  the  Cretaceous  and  Oolitic  periods.  That  there  have  been 
at  Jejist  four  changes  in  the  species  of  tesUicea  during  the  deposition  of 
the  Wealden,  seems  to  follow  from  the  observations  recently  made  by 
Professor  E.  Forbes,  so  that,  should  we  hereafter  find  the  signs  of  many 
more  alternate  occupations  of  the  same  area  by  different  elements,  it  is 
no  more  than  we  might  expect.  Even  during  a  small  part  of  a  zoologi- 
cal period,  not  sufficient  to  allow  time  for  many  species  to  die  out,  we 
find  that  the  same  area  has  been  laid  dry,  and  then  submerged,  and  then 
again  laid  dry,  as  in  the  deltas  of  the  Po  and  Ganges,  the  history  of  which 
has  been  brought  to  light  by  Artesian  borings.*  We  also  know  that 
similar  revolutions  have  occurred  within  the  present  century  (1819)  in 
the  delUi  of  the  Indus  in  Cutch,f  where  land  has  been  laid  permanently 
under  the  waters  both  of  the  river  and  sea,  without  its  soil  or  shrubs 
having  been  swept  away.  Even,  independently  of  any  verticid  move- 
ments of  the  ground,  we  see  in  the  principal  deltas,  such  as  that  of  the 
Mississippi,  that  the  sea  extends  its  salt  waters  annually  for  many  months 
over  considerable  spaces,  which,  at  other  seasons,  are  occupied  by  the 
river  during  its  inundations. 

It  will  be  observed  that  the  division  of  the  Purbecks  into  upper,  mid- 
dle, and  lower,  has  been  made  by  Professor  E.  Forbes,  strictly  on  the 
principle  of  the  entire  distinctness  of  the  species  of  organic  remains 
which  they  include.  The  lines  of  demarcation  are  not  lines  of  disturb- 
ance, nor  indicated  by  any  striking  physical  characters  or  mineral 
changes.  The  features  which  attract  the  eye  in  the  Purbecks,  such  as 
the  dirt-beds,  the  dislocated  strata  at  Lulworth,  and  the  Cinder-bed,  do 
not  indicate  any  breaks  in  the  distribution  of  organized  beings.  "  The 
causes  which  led  to  a  complete  change  of  life  three  times  during  the 
deposition  of  the  freshwater  and  brackish  strata  must,"  says  this  natural- 
ist, "  be  sought  for,  not  simply  in  either  a  rapid  or  a  sudden  change  of 


*  See  Principles  of  Oeol.  8th  ed  pp.  260-268. 


f  Ibid,  p  448. 
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their  area  ioto  land  or  sea,  but  in  the  great  lapse  of  time  vhich  inteneMl 
between  the  epochs  of  depositiDii  at  certain  periods  during  their  formatica." 
Each  dirt-bed  may,  no  doubt,  be  the  memorial  of  many  thouaud 
years  or  centuries,  because  we  find  tliat  2  or  3  feet  of  vegetable  swl  k 
the  only  monument  which  many  a  tropical  forest  has  led  of  its  eiislenee 
ever  since  the  ground  on  which  it  now  etands  was  first  cxivered  with  ib 
shade.  Yet,  even  if  we  imagined  the  fossil  soils  of  the  Lower  Purb«^ 
to  represent  as  many  ages,  we  need  not  expect  on  that  account  to  find 
them  constituting  the  lines  of  separation  between  successive  strata  chah 
actcrized  by  different  zoological  typea.  The  preservation  of  a  layer  d 
vegetable  soil,  when  in  the  act  of  being  submerged,  must  be  regarded  m 
a  rare  exception  to  a  general  rule.  It  is  of  so  perishable  a  nature,  that 
it  must  usually  be  carried  away  by  the  denuding  waves  or  currents  at 
the  sea  or  by  a  river ;  and  many  dirt-beds  were  probably  formed  in  suc- 
cession, and  annihilated  id  the  Wealden,  besides  those  few  which  now 
remain. 

The  plants  of  the  Wealden,  so  far  as  our  knowledge  extend*  at  pr«- 
ent,  consist  chiefly  of  Ferns,  Conifene  (see  fig.  244),  and  Cycadew,  wilh- 
yi^j^  out  anyexogens;  tlie  whole  more  allied  to  the  Oolitie 

tlian  to  tlie  Cretaceous  vegetation,  althou^i  some  ol 
the  species  seem  to  be  common  to  the  chalk.  But 
the  vertebrate  and  invertebrate  animals  indicate,  in 
like  manner,  a  relationship  to  both  these  jterioda, 
tliougli  a  nciirer  afBnily  to  the  Oolitic.  Mr.  Itrodie 
has  found  the  remains  of  beetles  and  several  iiiseds 
of  the  homopterous  and  trichopterous  orders,  some 
of  which  now  live  on  plants,  like  those  of  the  Weal- 
den, while  others  hover  over  the  surface  of  our  present 
Mainecu.  (Kiton.)  rivers.  But  no  bones  of  mammalia  have  been  met 
with  among  tliose  of  land -reptiles.  Yet,  as  the  reader  will  learn,  in 
Chapter  XX.,  that  the  relics  of  marsupial  quadrupeds  have  been  detected 
in  still  older  beds,  and,  as  it  was  so  long  before  a  single  portion  of  the 
jaw  of  an  iguanodon  was  met  with  in  the  Tilgate  quarries  (see  |i.  228), 
we  need  by  no  means  despair  of  discovering  hereafter  some  evidence  of 
the  existence  of  warm-blooded  quadrupeds  at  this  ew.  Il  is,  at  least, 
too  soon  to  infer,  on  mere  negative  evidence,  that  the  mammalia  w«e 
foreign  to  this  fauna. 

In  regard  to  the  geographical  extent  of  the  Wealden,  it  cannot  be 
accurately  laid  down ;  because  so  much  of  it  is  concealed  beneatli  the 
newer  marine  formations.  It  has  been  traced  about  200  English  miles 
fix)m  west  to  east,  from  Lulworth  Cove  to  near  Boulogne,  in  France; 
and  about  220  miles  from  northwest  to  soutlieast,  from  Whitchurch,  in 
Buckinghamshire,  to  Beauvais,  in  France.  If  the  formation  be  contin- 
uous throughout  this  space,  which  is  very  doubtful,  it  does  not  follow 
that  the  whole  was  contemporaneous ;  because,  in  all  likelihood,  the 
physical  geography  of  the  region  underwent  frequent  change  through- 
out the  whole  period,  and  the  estuary  may  have  altered  its  form,  and 
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even  shifted  its  place.  Dr.  Dunker,  of  Cassel,  and  H.  Von  Meyer,  in  an 
eseellent  monograph  on  the  Wealdens  of  Hanover  and  Westphalia,  have 
ihown  that  they  correspond  so  closely,  not  only  in  their  fossils,  but  also 
in  their  mineral  characters,  with  the  English  series,  that  we  can  scarcely 
hentate  to  refer  the  whole  to  one  great  delta.  £ven  Uien,  the  magni- 
tude of  the  deposit  may  not  exceed  that  of  many  modem  rivers.  Thus, 
the  delta  of  the  Quorra  or  Niger,  in  Africa,  stretches  into  the  interior 
far  more  than  170  miles,  and  occupies,  it  is  supposed,  a  space  of  more 
than  300  miles  along  the  coast,  thus  forming  a  surface  of  more  than 
25,000  square  miles,  or  equal  to  about  one  half  of  England.*  Besides, 
we  know  not,  in  such  cases,  how  far  the  iluviatile  sediment  and  organic 
remains  of  the  river  and  the  land  may  be  carried  out  from  the  coast, 
and  spread  over  the  bed  of  the  sea.  I  have  shown,  when  treating  of  the 
Mississippi,  that  a  more  ancient  delta,  including  s|)ecies  of  shells,  such 
as  now  inhabit  Louisiana,  has  been  upraised,  and  made  to  occupy  a  wide 
geographical  area,  while  a  newer  delta  is  forming  ;f  and  the  possibility 
of  such  movement,  and  their  effects,  must  not  be  lost  sight  of  when  we 
speculate  on  Uie  origin  of  the  Wealden. 

If  it  be  asked  where  the  continent  was  placed  from  the  ruins  of  which 
the  Wealden  strata  were  derived,  and  by  the  drainage  of  which  a  great 
river  was  fed,  we  are  half  tempted  to  speculate  on  the  former  existence 
of  the  Atlantis  of  Plato.  The  story  of  the  submergence  of  an  ancient 
continent,  however  fabulous  in  history,  must  have  been  true  again  and 
again  as  a  geological  event 

The  real  difficulty  consists  in  the  persistence  of  a  large  hydrographical 
basin,  from  whence  a  great  body  of  fresh  water  was  poured  into  the  sea, 
precisely  at  a  period  when  the  neighboring  area  of  the  Wealden  was 
gradually  going  downwards  1000  feet  or  more  perpendicularly.  If  the 
adjoining  land  participated  in  the  movement,  how  could  it  escape  being 
submerged,  or  how  could  it  retain  its  size  and  altitude  so  as  to  continue 
to  be  the  source  of  such  an  inexhaustible  supply  of  fresh  water  and  sed- 
iment ?  In  answer  to  this  question,  we  are  fairly  entitle<l  to  suggest 
that  tlie  neighboring  land  m«iy  have  been  stationary,  or  may  have  under- 
gone a  contemporaneous  slow  upheaval.  There  may  have  been  an 
ascending  movement  in  one  region,  and  a  descending  one  in  a  contigu- 
ous parallel  zone  of  country ;  just  as  the  northern  part  of  Scandinavia  is 
now  rising,  while  the  middle  portion  (that  south  of  Stockholm)  is  un- 
moved, and  the  southern  extremity  in  Scania  is  sinking,  or  at  least  has 
sunk  within  the  historical  i)eriod.J  We  must,  nevertheless,  conclude,  if 
we  adopt  the  above  hypothesis,  that  the  depression  of  the  land  became 
general  throughout  a  large  part  of  Europe  at  the  close  of  the  Wealden 
period,  a  subsidence  which  brought  in  the  cretaceous  ocean. 

*  Fit  ton,  Geol.  of  Hastings,  p.  68 ;  who  cites  Lander's  Travels. 
f  See  above,  p.  85  ;  and  Second  Visit  to  the  U.  S.  vol.  il  chap,  zxxiv. 
X  See  the  Author's  Annivers.  Address,  OooL  Soc.  1860,  Quart  GeoL  Jonm.  toL 
▼I  p.  62. 
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CHAPTER  XIX. 

DENUDATION  OF  THE    CHALK  AND  WEALDEN. 

Physical  geography  of  certain  difltricts  composed  of  Cretaceous  and  Wealdcn 
strata — Lines  of  inland  chalk-cliffs  on  the  Seine  in  Normandy — Outstanding  pilr 
lars  and  needles  of  chalk — Denudatirn  of  the  chalk  and  Wealden  in  Surrey, 
Kent,  and  Sussex — Chalk  once  continuous  from  the  North  to  the  South  Downs 
— Anticlinal  axis  and  parallel  ririges — Longitudinal  and  transverse  valleys- 
Chalk  escarpments — Rise  and  denudation  of  the  strata  g^radual — Ridges  fbrined 
by  harder,  valleys  by  softer  betls — Why  no  alluvium,  or  wreck  of  the  chalk,  in 
the  central  district  of  the  Weald — At  wliat  periods  the  Weald  valley  was  de> 
nuded — Land  has  most  prevailed  where  denudation  has  been  greatest — Ele- 
phant bed,  Brighton. 

All  the  fossiliferous  formations  may  be  studied  by  the  geolo^st  in 
two  distinct  points  of  view ;  firsts  in  reference  to  their  position  in  the 
series,  their  mineral  character  and  fossils ;  and,  secondly,  in  regard  to 
their  physical  geography,  or  the  manner  in  which  they  now  enter,  u 
mineral  masses,  into  the  external  structure  of  the  earth ;  forming  the  bed 
of  lakes  and  seas,  or  the  surfiice  and  foundation  of  hills  and  valleys, 
plains  and  table-lands.  Some  account  has  already  been  given  on  the 
first  head  of  the  Tertiary,  the  Cretaceous,  and  Wealden  strata  ;  and  we 
may  now  proceed  to  consider  certiiin  features  in  the  physical  geography 
of  these  groups  as  they  occur  in  parts  of  England  and  France. 

The  hills  composed  of  white  chalk  in  the  S.  E.  of  England  have  a 
smooth  rounded  outline,  and  being  usually  in  the  state  of  sheej^  pastures, 
are  free  from  trees  or  hedgerows ;  so  that  we  have  an  opportunity  of 
obsen'ing  how  the  valleys  by  which  they  are  drained  ramify  in  all  direc- 
tions, and  become  wider  and  deej>er  as  they  descend.  Although  those 
valleys  are  now  for  the  most  part  dry,  except  during  heavy  rains  and  the 
melting  of  snow,  they  may  have  been  due  to  aqueous  denudation,  as 
explained  in  the  sixth  chapter ;  having  been  excavated  when  the  chalk 
emerged  gradually  from  the  sea.  Tliis  opinion  is  confirmed  by  the  oc- 
casional occurrence  of  long  lines  of  inland  cliffs,  in  which  the  strata  are 
cut  ofi'  abruptly  in  steep  and  often  vertical  precipices.  Tlie  true  natiu« 
of  such  escarpments  is  nowhere  more  obvious  than  in  parts  of  Nor- 
mandy, where  the  river  Seine  and  its  tributaries  flow  through  deep 
winding  valleys,  hollowed  out  of  chalk  horizontally  stratified.  Thus,  for 
example,  if  wo  follow  the  Seine  for  a  distance  of  about  30  miles  from 
Andelys  to  Elboeuf,  we  find  the  valley  flanked  on  both  sides  by  a  deep 
slope  of  chalk,  with  numerous  be<ls  of  flint,  the  formation  being  laid 
open  for  a  thickness  of  about  250  and  300  feet.  Alx)ve  the  chalk  is  an 
overlying  mass  of  sand,  gravel,  and  clay,  from  30  to  100  feet  thick. 
The  two  opposite  slopes  of  the  hills  a  and  b,  where  the  chalk  appears  at 
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the  surface,  are  from  2  to  4  milea  Apart,  and  tliey  are  often  perfectly 
anooth  and  even,  like  the  steepest  of  our  downs  in  England ;  but  at 
m&ny  points  they  are  broken  \>y  one,  two,  or  more  ranges  of  vertical 
and  even  overhanging  cliffs  of  bare  white  chalk  with  flints.  At  some 
pmnts  detached  needles  and  pinnacles  stand  in  the  line  of  tlie  cliffs,  or 
ID  front  of  them,  as  at  e,  tig.  245.  On  the  right  bank  of  the  Seine,  at 
Andelys,  one  range,  about  2  miles  long,  is  seen  varying  from  50  to  100 
feet  in  perpendicular  height,  and  imving  its  continuity  broken  by  a  num- 
ber of  dry  valleys  or  coombs,  in  one  of  which  occurs  a  detached  rock  or 
needle,  called  the  Tete  d'Homme  (see  tigs.  246,  247).  The  top  of  this 
rock  presents  a  precipitous  face  towards  every  point  of  the  compass;  its 
vertical  height  being  more  than  20  feet  on  the  side  of  the  downs,  and  40 
towards  the  Seine,  the  average  diameter  of  the  pillar  being  30  feeL  Its 
composition  is  the  same  as  that  of  the  larger  clitfs  in  iU  neighborhood, 
namely,  white  chalk,  having  occasionally  a  crystalline  texture  like  mar- 
ble^ witli  layers  of  flint  in  nodules  and  tabular  masses.  The  tlinty  beds 
ofl«n  project  in  relief  4  or  5  feet  beyond  the  white  chalk,  which  is  gen- 
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erally  in  a  state  of  slow  decomposition,  eitlier  exfoli^iting  or  being  cov- 
ered with  white  powder,  like  the  chalk  cliffs  on  the  Knglish  coast;  and, 
as  in  them,  this  superficial  powder  contains  in  some  cases  common  salt. 

Other  di&  are  situated  on  the  right  bank  of  the  Seine,  opposite 
Tournedos,  betneen  Audelys  and  Font  de  I'Arche,  where  the  precipice! 
an  from  60  to  80  fe«t  high :  several  of  their  summits  terminit(«  in  pin- 
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lutdea ;  and  one  of  them,  in  particular,  is  so  completely  detacbed  aa  to 
present  a  perpendicular  face  50  feet  higli  towards  the  sloping  down.  On 
these  cliffs  several  ledges  are  seen,  whicl)  mark  so  many  levels  at  whicli 
the  waves  of  the  aea  may  be  supposed  to  have  encroached  for  a  long 
period.  At  a  slill  greater  height,  immediately  above  the  t«p  of  thi^ 
range,  are  three  much  smaller  cli^  each  about  4  feet  hig^,  with  ss 
many  intervening  terraces,  which  are  continued  so  as  to  sweep  in  a  semi- 
circular form  round  an  adjoining  coomb,  like  those  in  Sidly  before  de- 
scribed {p.  76). 

If  we  then  descend  the  river  from  Vatterille  to  a  place  called  Senne- 
ville,  we  meet  with  a  singular  needle  about  50  feet  high,  perfectly  iso- 
lated on  the  escarpment  of  chalk  on  the  right  bank  of  the  Seine  (see  %. 
248).     Another  conspicuous  range  of  inland  cli&  is  situated  about  12 
F1g.«S.  Fic.ltt 
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miles  bcdow  on  the  left,  bank  of  the  Seine,  beginniug  at  Elboeui^  and 
comprehending  the  Roches  d'Onv&l  (see  fig.  240).  Like  those  before 
described,  it  has  au  irr^:ular  surface,  often  ovOThanging,  and  with  beds 
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of  ffint  projeotliig  Mveral  fe«t  Like  them,  also,  it  exhibits  a  white 
powdety  surbce,  and  conaista  entirely  of  borizontal  chalk  with  flints. 
It  ia  40  miles  inlaod,  its  height,  in  some  parts,  exceeding  200  feet,  and 
its  base  only  a  few  feet  above  tlie  level  of  the  Seine.  It  ia  broken,  in 
one  place,  by  a  pyramidal  mass  or  needle^  200  feet  high,  called  the 
Roche  de  Pignon,  which  stands  out  about  25  feet  in  front  of  the  upper 
portion  of  the  main  cliffs,  with  which  it  is  united  by  a  narrow  ridge 
about  40  feet  lower  than  ita  summit  (see  fig.  260).     Like  the  detached 
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rocks  before  mentioned  at  Senneville,  Vatteville,  and  Andclys,  it  may  bfl' 
oojnpated  to  those  needles  of  chalk  which  occur  on  the  coast  of  Nor-- 
nundy,  as  well  as  in  the  Isle  of  Wight  and  in  Furbeck*  (see  fig.  261). 
Fig,  m. 


The  foregoing  description  and  drawings  will  show,  that  the  evidence 
of  certain  escarpments  of  the  chalk  having  been  originally  sea-cli^  is 
fitf  more  full  and  satisfactory  in  France  than  in  England.  If  it  he  asked 
why,  in  the  interior  of  oar  own  country,  we  meet  with  no  ranges  of 
preupices  equally  vertical  and  overhanging,  and  no  isolated  pillars  or 
needles,  we  may  reply  that  the  greater  hardness  of  the  chalk  in  Nor- 
mandy may,  no  doubt,  be  tlie  chief  cause  of  tliis  difference.     But  the 

*  An  ■ooooDt  of  th«M  clifb  wu  rew)  bjr  the  aaUior  to  the  Britiah  Anoe.  M 
Ola^ow,  8«pt  1B40. 

t  Seine-IolleTwnTe,  p.  142,  aod  pL  •,  fig.  1. 
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frequent  abwnee  of  all  signs  of  littoral  denudation  in  the  raUef  of  the 
Seine  itself  is  a  negative  fnct  of  a  far  more  striking  and  peridexing  cbar- 
aeter.  Tbe  diffii,  after  being  almost  contiDuoiu  for  miles,  are  then  wholly 
wanting  fur  much  greater  distances,  being  replaced  by  a  green  slt^w^ 
down,  although  the  beds  remain  of  the  same  composition,  and  are  eqnal^ 
liorizontal ;  and  although  we  may  fed  aasuTed  that  the  manner  of  the 
aphearal  of  Uie  land,  whether  intermittent  or  not,  must  have  been  the 
same  it  those  intermediate  points  where  no  clif&  exist,  as  at  others  where 
they  are  so  fully  developed.  But,  in  order  to  explain  such  apparent 
anomalies,  the  reader  must  refer  ugain  to  the  theory  of  denudation,  as 
expounded  In  the  Gtli  chapter;  where  it  waa  shown,  first,  that  tlie  under- 
mining force  of  the  waves  and  matine  eurreuts  rarlet  greatly  at  different 
parts  of  every  coast ;  secondly,  that  precipitous  rocks  have  often  decom- 
posed and  crumbled  down ;  and  thirdly,  that  many  terraces  and  small 
clife  may  now  lie  concealed  beneath  a  tnlufi  of  detrital  matter. 

Denudation  of  Iht  Weald  Valley.— Vo  district  is  better  fitted  to  illus- 
trate the  manner  in  which  a  great  series  of  strata  may  have  been  up- 
heaved and  gradually  denuded  than  the  country  inter\'ening  between  the 
North  and  South  Downs.  This  region,  of  which  a  graund'plan  is  given 
in  the  accompanying  map  (fig,  252),  comprises  within  it  tlie  whole  of 
Sussex,  and  parts  of  the  counties  of  Kent,  Surrey,  and  Hampshire.  The 
ispace  in  which  tlie  formations  older  dian  the  White  Chalk,  or  those 
fiom  the  Gault  to  tlie  Ilastinga  sand  inclusive,  crop  out,  is  bounded 
■«Terywhere  by  a  grout  escarpment  of  chalk,  which  is  continued  on  the 
opposite  side  of  the  channel  in  the  TIas  Boulonnais  in  France,  where  it 
forms  the  setnieircular  boundary  of  a  tract  in  which  older  strata  also  ap- 
pear at  the  surface-  Tlie  whole  uf  this  district  may  therefore  be  consid- 
«red  geologically  as  one  and  the  same. 
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The  spaee  here  indoeed  within  the  escarpment  of  the  chalk  affords  an 
itKinple  of  what  has  been  sometimes  called  a  ^  valley  of  elevation" 
more  properly  "  of  denudation") ;  where  the  strata,  partially  removed  by 
qtieons  excavation,  dip  away  on  all  sides  from  a  central  axis.    Thus,  it 


r 


a 
s 


• 
.q 


a 
o 


ti 


4 
i 

I 


z    «* 


I 


i 


a 


ij 


•38 

II 
15 


f 


a 


a 
1 

8 

I 


4{ 

1 


e 
o 


A 


MUitr* 


b 


o 
•3 

5 

I 

-a 

a 

I 

3 


3 

2 

a 
o 


o 
a 

I 

3 


a 
8 

a 
& 


a 

i 

3 


a 

Q 


1 


i 


9 
► 


.a 


244  TRANSVERSE  VALLEYS.  [G&  XOL 

is  supposed,  that  the  area  now  occupied  by  the  Hastings  sand  (No.  6) 
was  once  covered  by  the  Weald  clay  (No.  5),  and  this  again  by  the 
Greensand  (No.  4),  and  this  by  the  Gault  (No.  3) ;  and,  lastly,  that  the 
Chalk  (No.  2)  extended  originally  over  the  whole  space  between  the 
North  and  the  South  Downs.  This  theory  will  be  better  understood  by 
consulting  the  annexed  diagram  (fig.  254),  where  the  dark  lines  represent 
what  now  remains,  and  the  fainter  ones  those  portions  of  rock  which  are 
believed  to  have  been  carried  away. 

At  each  end  of  the  diagram  the  tertiary  strata  (No.  1)  are  exhibited 
reposing  on  the  chalk.  In  the  middle  are  seen  the  Hastings  sands  (No.  6.) 
forming  an  anticlinal  axis,  on  each  side  of  which  the  other  formations 
are  arranged  with  an  opposite  dip.  It  has  been  necessary,  however,  in 
order  to  give  a  clear  view  of  the  different  formations,  to  exaggerate  the 
proportional  height  of  each  in  comparison  to  its  horizontal  extent :  and  a 
true  scale  is  therefore  subjoined  in  another  diagram  (fig.  254),  in  order 
to  correct  the  erroneous  impression  which  might  oUierwise  be  made  on 
the  reader's  mind.  In  this  section  tlie  distance  between  the  North  and 
South  Downs  is  represented  to  exceed  forty  miles ;  for  the  Valley  of  the 
Weald  is  here  intersected  in  its  longest  diameter,  in  the  direction  of  a 
line  between  Lewes  and  Maidstone. 

Through  the  central  portion,  then,  of  the  district  supposed  to  be  de- 
nuded runs  a  great  anticlinal  line,  having  a  direction  nearly  east  and 
west,  on  both  sides  of  which  the  beds  5,  4,  3,  and  2,  crop  out  in  succession. 
But,  although,  for  the  sake  of  rendering  the  physical  structure  of  this 
region  more  intelligible,  the  central  line  of  elevation  has  alone  been  in- 
troduced, as  in  the  diagrams  of  Smith,  Man  tell,  Gonybeare,  and  othefs, 
geologists  have  always  been  well  aware  that  numerous  minor  lines  of 
dislocation  and  flexure  run  parallel  to  the  great  central  axis. 

In  the  central  area  of  the  Hastings  sand  the  strata  have  undergone  the 
greatest  displacement ;  one  fault  being  known,  where  the  vertical  shift  of 
a  bed  of  calcareous  grit  is  no  less  tlian  00  fathoms.*  Much  of  the  pic- 
turesque scenery  of  this  district  arises  from  the  depth  of  the  narrow  valleys 
and  ridges  to  which  the  sharp  bends  and  fractures  of  the  strata  have 
given  rise ;  but  it  is  also  in  part  to  be  attributed  to  the  excavating  power 
exerted  by  water,  especially  on  the  interstratified  argillaceous  beds. 

Besides  the  series  of  longitudinal  valleys  and  ridges  in  the  Weald, 
there  are  valleys  which  run  in  a  transverse  direction,  passing  through  the 
chalk  to  the  basin  of  the  Thames  on  the  one  side,  and  to  the  l^glish 
Ghannel  on  the  other.  In  this  manner  the  chain  of  the  North  Downs  is 
broken  by  the  rivers  Wey,  Mole,  Daren  t,  Med  way,  and  Stour ;  the  South 
Downs  by  the  Arun,  Adur,  Ouse,  and  Cuckmere.f  If  these  transverse 
hollows  could  be  filled  up,  all  the  rivers,  observes  Mr.  Gonybeare,  would 
be  forced  to  take  an  easterly  course,  and  to  empty  themselves  into  the 
sea  by  Romney  Marsh  and  Pevensey  Levels.J 

*  FittoD,  GeoL  of  Hastings,  p  65. 

t  Oovybeare,  Outlines  of  GeoL  pi  81.  %  Ibid.  p.  146. 
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Hr.  Martin  has  suggested  that  the  great  ctobs  fractures  of  the  chalk, 
whidi  hare  become  river  channels,  have  a  reinarkahle  correspondence 
on  each  side  of  the  valley  of  the  Weald  ;  in  several  instances  the  go^ea 
in  the  North  and  South  Downs  appearing  to  be  directly  opposed  to  each 
other  Thus,  for  eiample,  the  defiles  of  the  Wey  in  the  North  Downs 
and  of  the  Arun  in  the  South  seemed  to  coincide  in  direction  and  in 
like  manner  the  Ouse  corre- 
sponds to  the  Darent,  and  the 
Cuekmere  to  the  Medwav  • 

\1  though  these  coincidences 
raa\  perhaps,  be  aeadental  it 
IS  bv  no  means  improbable,  as 
hinted  h\  the  author  above 
intntioned  that  great  amount 
of  eleiation  tow  irds  the  centre 
of  the  Weald  district  ga^e  nse 
to  transverse  fissures  \nd  as 
tlie  longitudinal  vsllers  were 
eoniieeted  with  that  linear  move- 
ment nhich  caused  the  anti 
clinal  lines  running  east  and 
west  so  the  cross  fissures  might 
have  been  occasioned  by  the 
intensity  of  the  upheaving  fcrce 
towards  the  centre  of  the  line 

But  before  treating  of  the 
manner  in  which  the  upheaving 
movement  may  have  acted  I 
shall  endeavor  to  make  the 
re  ider  more  int!raatel>  acquaint- 
ed «itli  the  leading  geographi 
cii  ftatures  <.f  tlie  distnct,  so 
far  as  they  are  ot  geological  in 

111  whatever  direction  we  travel 
fr  ni  the  tertiary  strata  of  the 
1  asms  of  London  and  Hamp- 
sli  re  towards  the  valley  of  the 
Weald  we  first  ascend  a  slope 
of  white  chalk  with  flints,  and 
then  find  ourselves  on  the  sum 
mit  of  a  declivity  consistinff  for 
the  most  part,  of  different  mem 
bers  of  the  chalk  formation , 
below  which    ttie   upper  green- 

■   OeoL  of  WMteni  Snues,  p.  tL 
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sand,  and  sometimes,  also,  the  gault,  crop  out  This  steep  declivity, 
is  the  great  escarpment  of  the  chalk  before  mentioned,  which  overhangs 
a  valley  excavated  chieiij  out  of  the  argillaceous  or  marly  bed,  termed 
Gault  (Na  3).  The  escarpment  is  continuous  along  the  southern  te^ 
mination  of  the  North  Downs,  and  may  be  traced  from  the  sea,  at 
Folkestone,  westward  to  Guildford  and  the  neighborhood  of  Petersfield, 
and  from  thence  to  the  termination  of  the  South  Downs  at  Beachy 
Head.  In  this  precipice  or  steep  slope  the  strata  are  cut  off  abruptly, 
and  it  is  evident  that  they  must  originally  have  extended  farther.  In 
the  wood-cut  (fig.  255,  p.  245),  part  of  the  escarpment  of  the  South 
Downs  is  faithfully  represented,  where  the  denudation  at  the  base  of 
the  declivity  has  been  somewhat  more  extensive  than  usual,  in  conse- 
quence of  the  upper  and  lower  greensand  being  formed  of  very  inco- 
herent materials,  the  upper,  indeed,  being  extremely  thin  and  almost 
wanting. 

The  geologist  cannot  fail  to  recognize  in  this  view  the  exact  likeness 
of  a  sea-cliff;  and  if  he  turns  and  looks  in  an  opposite  direction,  or 
eastward,  towards  Beachy  Head  (see  fig.  256),  he  will  see  the  same  line 
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Chalk  escarpment,  as  seen  ttom  the  hill  above  Steynlng,  Sussex.    The  castle  and  yilltfe 

of  Bramber  in  the  foreground. 

of  heights  prolonged.  Even  those  who  are  not  accustomed  to  specu 
late  on  the  former  changes  which  the  surface  has  undergone  may  fancy 
the  broad  and  level  plain  to  resemble  the  fiat  sands  which  were  laid  dry 
by  the  receding  tide,  and  the  different  projecting  masses  of  chalk  to  be 
the  headlands  of  a  coast  which  separated  the  different  bays  from  each 
other. 

In  regard  to  the  transverse  valleys  before  mentioned,  as  inter- 
secting the  chalk  hills,  some  idea  of  them  may  be  derived  from  the 
subjoined  sketch  (fig.  257),  of  the  gorge  of  the  river  Adur,  taken 
from  the  summit  of  the  chalk  downs,  at  a  point  in  the  bridle-way 
leading  from  the  towns  of  Bramber  and  Steyning  to  Shoreham.  If 
the  reader  will  refer  again  to  the  view  given  in  a  former  wood-cut 
(fig.  255,  p.  245),  he  will  there  see  the  exact  point  where  Hie  gorge 
of  which  I  am  now  speaking  interrupts  the  chalk  escarpment  A 
projecting  hill,  at  the  point  a,  hides  the  town  of  Steyning,  near 
which  the  valley  commences  where  the  Adur  passes  directly  to  the 
sea  at  Old  Shoreham.    The  river  flows  through  a  nearly  level  phun, 
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as  do  most  of  the  othen  iFbi<^  inter- 
sect the  hills  of  Surrey,  Kent,  ami 
Sussex;  and  it  is  erident  that  these 
openings,  so  &r  at  least  as  they  are 
due  to  aqueous  erouon,  have  not 
been  produced  by  the  rivern,  many  of 
which,  like  the  Ouse,  near  Lewes,  have 
filled  up  arms  of  the  sea,  instead  of 
deepening  the  hollows  which  they  tra- 

Now,  in  order  to  account  for  the 
maimer  in  which  the  five  groups  of 
strat.1,  2,  3,  4,  5,  6,  represented  in  the 
map,  ti^.  252,  and  in  the  section  &g. 
233,  inHV  Imve  been  brought  into 
their  present  position,  the  following 
hyitothcsis  has  been  very  generally 
adopted  :  Suppose  the  five  formations 
to  lie  iu  horizontal  stra^fication  at 
the  bottom  of  the  sea ;  then  let  a 
niovcuiciit  from  below  press  them 
upwards  into  the  form  of  a  flattened 
dome,  and  let  the  crown  of  this  dome 
be  aflerwards  cut  off,  so  that  the  in- 
cision should  penetrate  to  the  lowest 
of  the  five  groups.  The  ditferent 
beds  would  then  be  exposed  on  the 
surface,  in  the  manner  exhibited  in 
the  map,  fig.  252.* 

Tlie  quantity  of  denudation  or  re- 
moval by  water  of  stratified  iDassea 
assumed  to  have  once  reached  contin- 
uously from  the  North  to  the  South 
Downs  is  so  enormous,  that  the  read- 
er may  at  first  be  startled  by  the  bold- 
ness of  the  hypotheaiB.  But  the  diffi- 
culty vanishes  when  once  sufficient 
time  Is  allowed  for  the  gradual  and 
successive  rise  of  the  strata,  during 
iriucb  the  waves  and  currents  of  the  ocean  might  slowly  accomplish  an 
opentdon,  which  no  sudden  diluvial  rush  of  wateis  could  possibly  hare 


Among  other  proo&  of  the  action  of  water,  it  may  be  stated  that  the 
great  longitudinal  valleys  follow  the  outcrop  of  the  softer  and  more  in- 
ocAerent  beds,  while  ndges  or  lines  of  cliff  usually  occur  at  those  points 

•  See  niiistraUons  ot  thU  theory  bf  Dr.  Fitlon,  OeoL  Sketch  nf  Hotii^i. 
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where  tlie  strata  are  composed  of  harder  stone.  Thus,  for  example,  the 
chalk  with  flints,  together  with  the  subjacent  upper  greenaand,  whidi  it 
often  used  for  building,  under  the  provincial  name  of  "  firestoney"  hM 
been  cut  into  a  steep  diflf  on  that  side  on  which  the  sea  encroadied. 
This  escarpment  bounds  a  deep  valley,  excavated  chiefly  out  of  the  soft 
argillaceous  or  marly  bed,  termed  gault  (No.  3).  In  some  placet  the 
upper  greensand  is  in  a  loose  and  incoherent  state,  and  there  it  has  been 
as  much  denuded  as  the  gault ;  as,  for  example,  near  Beachy  Head ;  but 
farther  to  the  westward  it  is  of  great  thickness,  and  contains  hard  beds 
of  blue  chert  and  calcareous  sandstone  or  firostone.  Here,  accordingly, 
we  find  that  it  produces  a  corresi>onding  influence  on  the  scenery  of  the 
country  ;  for  it  runs  out  like  a  step  beyond  the  foot  of  the  chalk-hills, 
and  constitutes  a  lower  terrace,  varying  in  breadth  from  a  quarter  of  a 
mile  to  three  miles  and  following  the  sinuosities  of  the  chalk  escarpment* 

Fig.25& 


€k  Chalk  with  flints.  b.  Chalk  without  flints, 

c  Upper  greensaDd,  or  flreatone.  d.  Oaalt 

It  is  impossible  to  desire  a  more  satisfactory  proof  that  the  escarpment 
is  due  to  the  excavating  power  of  water  during  the  rise  of  the  strata ; 
for  I  have  shown  in  my  account  of  the  coast  of  Sicily,  in  what  manner 
the  encroachments  of  the  sea  tend  to  efface  that  succession  of  terraces 
which  must  otherwise  result  from  the  intermittent  upheaval  of  a  coast 
preyed  upon  by  the  waves.f  During  the  interval  between  two  elevatory 
movements,  the  lower  terrace  will  usually  be  destroyed,  wherever  it  is 
composed  of  incoherent  materials ;  whereas  the  sea  will  not  have  time 
entirely  to  sweep  away  another  part  of  the  same  terrace,  or  lower  plat- 
form, which  happens  to  be  composed  of  rocks  of  a  harder  texture,  and 
capable  of  offering  a  firmer  resistance  to  the  erosive  action  of  water. 
As  tlie  yielding  clay  termed  gault  would  be  readily  washed  away,  we 
find  its  outcrop  marked  everywhere  by  a  valley  which  skirts  the  base  of 
the  chalk  hills,  and  which  is  usually  bounded  on  the  opposite  side  by 
the  lower  greensand ;  but  as  the  upper  beds  of  this  last  formation  are 
most  commonly  loose  and  incoherent,  they  also  have  usually  disappeared 
and  increased  the  breadth  of  the  valley.  But  in  those  districts  where 
chert,  limestone-,  and  other  solid  materials  enter  largely  into  the  compo- 
sition of  this  formation  (No.  4),  they  give  rise  to  a  range  of  hills  paralld 
to  the  chalk,  which  sometimes  rival  the  escarpment  of  the  chalk  itself  ir 
height,  or  even  surpass  it,  as  in  Leith  Hill,  near  Dorking.  This  ridgt 
often  presents  a  steep  escarpment  towards  the  soft  argillaceous  depont 

*  Sir  R.  Murchiflon,  GeoL  Sketch  of  Sassez,  Ac,  GeoL  Trans.  Second  Seriei^ 
7ol.  ii.  p.  98. 
t  See  fig.  94,  p.  7& 
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Qidled  tLe  Weald  day  (No.  5 ;  see  the  strong  lines  in  fig.  253,  p.  243), 
which  usually  forms  a  broad  valley,  separating  the  lower  greensand  from 
the  Hastings  sands  or  Forest  ridge ;  but  where  subordinate  l^eds  of  sand- 
stone of  a  firmer  texture  occur,  the  uniformity  of  the  plain  of  No.  5  is 
fanlceii  by  waving  irregularities  and  hillocks. 

It  will  be  easy  to  show  how  closely  the  superficial  inequalities  agree 
with  those  which  we  might  naturally  expect  to  originate  during  the 
gnuiual  rise  of  the  Wealden  district.  Suppose  tlie  line  of  the  most  en- 
eigetic  movement  to  have  coincided  with  what  is  now  the  central  ridge 
of  tlie  Weald  vallev ;  in  that  case  the  first  land  ^vhich  emerjred  must 
have  been  situated  where  the  Forest  ridge  is  now  placed.  Here  many 
shoals  and  reefs  may  first  have  existe<l,  and  islands  of  chalk  devoured  in 
the  course  of  ages  by  the  ocean  (see  fig.  253) ;  so  that  the  top  of  the 
shattered  dome  which  first  appeiirecl  almve  water  may  have  l>eon  utterly 
destroyed,  and  the  masses  representoil  by  the  fainter  lines  (fig.  253)  re- 
moved. 

The  upper  greensand  is  represented  (fig.  259)  as  forming  on  the  left 
hand  a  single  precipice  with  the  chalk ;  while  on  the  right  there  are 
two  cliffs,  with  an  intervening  terrace,  as  before  described  in  fig.  268. 
Two  strips  of  land  would  tlien  remain  on  each  side  of  a  channel,  pre- 

Fig.2S0. 


Fig.  260. 


The  dotted  lines  represent  the  MA-leTeL 

aentiDg  ranges  of  white  cliffs  facing  each  other.  A  powerful  current 
might  then  scoop  out  a  channel  in  the  gault  (No.  2).  This  softer  bed 
would  yield  with  ease  in  proportion  as  parts  of  it  were  brought  up  from 
tiine  to  time  and  exposed  to  the  fury  of  the  waves,  so  that  large  spaces 
occupied  by  the  harder  formation  or  greensand  (No.  3)  would  be  laid 
bare.  This  last  rock,  opposing  a  more  effectual  resistance,  would  next 
emerge ;  while  the  chalk  cliffs,  at  the  base  of  which  the  gault  is  rapidly 
ondermined,  would  recede  farther  from  each  other,  after  which  four 
parallel  strips  of  land,  or  rows  of  islands,  would  he  caused,  which  are 
i^resented  by  the  masses  which  in  fig.  200  rise  above  the  dotted  line 
indicating  the  sea-level.  In  this  diagram,  however,  the  inclination  of  the 
upper  surface  of  the  formations  (Nos.  1  and  3)  is  exaggerated.  Origi- 
nally this  surface  must  have  been  level,  like  the  submarine  terraces  pro- 
duced by  denudation,  and  de8cril)ed  before  (p.  14  and  11) ;  but  they 
were  afterwards  more  and  more  tilted  by  that  general  movement  to 
which  the  region  of  the  Weald  owes  its  structure.     At  length,  by  the 
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farther  elevation  of  the  dome-shaped  mass,  the  clay  (No.  4)  would  be 
brought  within  reach  of  the  waves,  which  would  probably  gain  the 
more  easy  access  to  the  subjacent  deposit  by  the  rents  which  would  be 
caused  in  No.  3,  and  in  the  central  part  of  the  ridge  where  the  uplifting 
force  hnd  been  exerted  with  the  greatest  ener^.  The  opposite  chfis,  in 
which  the  grcensand  (No.  3)  terminates,  would  now  begin  to  recede 
from  each  other,  having  at  their  base  a  yielding  stratum  of  clay  (No.  4). 
Lastly,  the  sen  would  penetrate  to  the  sand  (No.  5),  and  then  the  state 
of  things  indicated  in  the  dark  lines  of  the  upper  S4;ct)on  (fig.  253), 
would  be  consummated. 

It  was  stated  that  there  are  many  lines  of  fleiure  and  dislocation,  run- 
ning east  and  west,  or  parallel  to  the  central  axis  of  the  Wealden.  Tbej 
are  numerous  in  the  district  of  the  Hastings  sand,  and  sometimes  ocea 
in  the  chalk  itself.  One  of  the  latter  kind  has  given  rise  to  the  ravine 
called  the  Coomb,  near  Lewes,  and  was  first  traced  out  by  Dr.  Hant^ 
Fig,  MI. 


in  whose  company  I  examined  it.  This  c 
side  of  the  valley  of  the  Ouse,  in  the  suburbs  of  the  town  of  Lew«. 
The  steep  declivities  on  each  side  are  covered  with  green  turf,  as  is  the 
bottom,  which  is  perfectly  dr)'.  No  outward  signs  of  disturbance  are 
visible  ;  and  the  connection  of  the  hollow  with  subterranean  movements 
would  not  have  been  suspected  by  the  geologist,  had  not  the  evidence  of 
great  convulsions  been  clearly  exposed  in  the  escarpment  of  the  valley 
of  the  Ouse,  and  the  numerous  chalk  pita  worked  at  the  terminadon  of 
the  Coomb.  By  tlie  aid  of  these  wo  discover  that  the  ravine  coincides 
precisely  with  a  line  of  fault,  on  one  side  of  which  the  chalk  with  flint* 
(a,  fig.  262)  appears  at  the  summit  of  the  hill,  white  it  is  thrown  down 
to  the  bottom  of  the  other. 

Mr.  Martin,  in  his  work  on  the  geology  of  Western  Sussex,  pablished 
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Fig.  362. 


Fanlts  in  the  cliff  hills  near  Lewea.    MuntelL 
a.  Ch«Ik  with  flints.  b.  Lower  chalk.* 

in  1828,  threw  much  light  on  the  structure  of  the  Wealden  by  tracing 
oat  continuously  for  miles  the  direction  of  many  anticlinal  lines  and 
cross  fractures;  and  the  same  course  of  investigation  has  since  been 
followed  out  in  greater  detail  by  Mr.  Hopkins.  The  mathematician 
last-mentioned  has  shown  that  the  observed  direction  of  the  lines  of  flex* 
ore  and  dislocation  in  die  Weal  district  coincide  with  those  which  might 
have  been  anticipated  theoretically  on  mechanical  principles,  if  we  assume 
certain  simple  conditions  under  which  the  stratii  were  lifted  up  by  an 
expansive  subterranean  force.  He  finds  by  calculation  that  if  this  force 
was  applied  so  as  to  act  uniformly  upwards  within  an  elliptic  area,  the 
longitudinal  fissures  thereby  produced  would  nearly  coincide  with  the 
outlines  of  the  ellipse,  forming  cracks,  which  are  portions  of  smaller 
concentric  ellipses,  parallel  to  the  margin  of  the  larger  one.  These  lon- 
gitudinal fissures  would  also  be  intercepted  by  others  running  at  right 
angles  to  them,  and  both  lines  of  fracture  may  have  been  produced  at 
the  same  time.f  In  this  illustration  it  is  supposed  that  the  expansive 
force  acted  simultaneously  and  with  equal  intensity  at  every  point  within 
the  upheaved  area,  and  not  with  greater  energy  along  the  central  axis 
or  region  of  principal  elevation. 

The  geologist  cannot  fail  to  derive  great  advantage  in  his  speculations 
from  the  mathematiciil  investigation  of  a  problem  of  this  kind,  where 
results  free  from  all  uncertainty  are  obtained  on  the  assumption  of  certain 
simple  conditions.  Such  results,  when  once  ascertained  by  mathematical 
metiiods,  may  serve  as  standard  cases,  to  which  others  occurring  in  na- 
ture of  a  more  complicated  kind  may  be  referred.  In  order  that  a  uni- 
form force  should  cause  the  strata  to  attain  in  the  centre  of  the  ellipse  a 
height  so  far  exceeding  that  which  they' have  reached  round  the  margin, 
it  is  necessary  to  assume  that  the  mass  of  upheaved  strjita  oflfered  origi- 
nally a  very  unequal  degree  of  resistance  to  the  subterranean  force.  This 
may  have  happened  either  from  their  being  more  fractured  in  one  place 
than  in  another,  or  from  being  pressed  down  by  a  less  weight  of  in- 
cumbent strata;  as  if  we  suppose,  what  is  far  from  improbable,  that 
great  denudation  had  taken  place  in  the  middle  of  the  Wealden  before 
the  final  and  principal  upheaval  occurred.  It  is  suggested  that  the  beds 
may  have  been  acted  upon  somewhat  in  the  manner  of  a  carpet  spread 
out  loosely  on  a  floor,  and  nailed  down  round  the  edges,  which  would 
swell  into  the  shape  of  a  dome  if  pressed  up  equally  at  every  point  by 
air  admitted  from  beneath.  But  when  we  are  reasoning  on  the  particu- 
lar phenomena  of  the  Weald,  we  have  no  geological  data  for  determin- 

*  For  farther  information,  see  Manteirs  Geol.  of  S.  £.  of  England,  p.  862. 
f  Geol  Soc.  Proceed.  Na  74,  p.  868,  1841,  and  G.  S.  Trans.  2  Ser.  v.  7. 
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ing  whether  it  bo  more  probable  that  originally  the  resistance  to  be 
overcome  was  so  extremely  unequal  in  different  places,  or  whether  the 
subterranean  force,  instead  of  being  everywhere  uniform,  was  not  applied 
with  very  different  degrees  of  intensity  beneath  distinct  portions  of  the 
upraised  area. 

The  opinion  that  both  the  longitudinal  and  transverse  lines  of  fractuve 
may  have  been  produced  simultaneously,  accords  well  with  that  expressed 
by  M.  Tliurmann,  in  his  work  on  the  anticlinal  ridges  and  valleys  of  ele- 
vation of  the  Bernese  Jura.*  For  the  accuracy  of  his  map  and  section* 
I  can  vouch,  from  personal  examination,  in  1835,  of  part  of  the  region 
surveyed  by  him.  Among  other  results,  at  which  this  author  arrived,  it 
appears  that  the  breadth  of  all  the  numerous  anticlinal  ridges  and  dome- 
shaped  masses  in  the  Jura  is  invariably  great  in  proportion  to  the  num- 
ber of  the  formations  exposed  to  view ;  or,  in  other  words,  to  the  depth 
to  which  the  superimposed  groups  of  secondary  strata  have  been  laid 
open.  (See  fig.  71,  p.  55,  for  structure  of  Jura.)  He  also  remarks,  that 
the  anticlinal  lines  are  occasionally  oblique  and  cross  each  otlier,  in  which 
case  tlie  greatest  dislocation  of  the  beds  takes  place.  Some  of  the  cross 
fractures  are  imagined  by  him  to  have  been  contemporaneous,  otheis 
subsequent  to  the  longitudinal  ones. 

I  have  assumed,  in  the  former  part  of  this  chapter,  that  the  rise  of  the 
Weald  was  gradual,  whereas  many  geologists  have  attributed  its  eleva- 
tion to  a  single  effort  of  subterranean  violence.  Tliere  appears  to  them 
such  a  unity  of  effect  in  this  and  other  lines  of  deranged  strata  in  the 
southeast  of  England,  such  as  that  of  the  Isle  of  Wight,  as  is  inconsis- 
tent with  the  supposition  of  a  great  number  of  separate  movements  re- 
curring after  long  intervals  of  time.  But  we  know  that  earthquakes  are 
repeated  throughout  a  long  series  of  ages  in  the  same  spots,  like  vulcanic 
eruptions.  Tlie  oldest  lavjis  of  Etna  were  poured  out  many  thousands, 
perhaps  myriads  of  years  before  the  newest,  and  yet  they,  and  the  move- 
ments accompanying  their  emission,  have  produced  a  symmetrical  moun- 
tain ;  and  if  rivers  of  melted  matter  thus  continue  to  flow  in  the  same 
direction,  and  towards  the  same  point,  for  an  indefinite  lapse  of  ages, 
what  difficulty  is  tliere  in  conceiving  that  the  subterranean  volcanic  force, 
occasioning  the  rise  or  fall  of  certain  parts  of  the  earth's  crust,  may,  by 
reiterated  movements,  produce  the  most  perfect  unity  of  result  ? 

Alluvium  of  the  Weald. — Our  next  inquiry  may  be  directed  to  the 
alluvium  strewed  over  the  surface  of  the  supposed  area  of  denudation. 
Has  any  wreck  been  left  behind  of  the  strata  removed  ?  To  this  we 
may  answer,  that  the  chalk  downs  even  on  their  summits  are  covered 
everywhere  with  gravel  composed  of  unrounded  and  partially  rounded 
chalk  flints,  such  as  might  remain  after  masses  of  white  chalk  had  been 
softened  and  removed  by  water.  This  superficial  accumulation  of  the 
hard  or  siliceous  materials  of  the  disintegrated  strata  may  be  due  in 
some  degree  to  pluvial  action ;  for  during  extraordinary  rains  a  rush  of 
water  charged  with  calcareous  matter,  of  a  milk-white  color,  may  be 

*  Soul^vemens  JuraasiqaeiL    Pari*.  1882. 
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seen  to  descend  even  gently  sloping  hills  of  chalk.  If  a  layer  no  thicker 
than  the  tenth  of  an  inch  be  removed  once  in  a  century,  a  considerable 
mass  may  in  the  course  of  indefinite  ages  melt  away,  leaving  nothing 
save  a  layer  of  flinty  nodules  to  attest  its  former  existence.  These  un- 
rolled flints  may  remain  mixed  with  others  more  or  less  rounded,  which 
the  waves  left  originally  on  the  surface  of  the  chalk,  when  it  first  emerged 
from  the  sea.  A  stratum  of  fine  clav  sometimes  covers  the  surface  of 
slight  depressions  and  die  bottom  of  valleys  in  the  white  chalk,  which 
may  represent  the  alumnious  residue  of  the  rock,  after  the  pure  car- 
bonate of  lime  has  been  dissolved  by  rain-water,  charged  with  excess  of 
carbonic  acid  derived  from  decayed  vegetable  matter.* 

Although  flint  gravel  is  so  abundant  on  the  chalk  itself,  it  is  usually 
wanting  in  the  deep  longitudinal  valleys  at  the  foot  of  the  chalk  escarp- 
ment, although,  in  some  few  instances,  the  detritus  of  the  chalk  has 
been  traced  in  patches  over  the  gault,  and  even  the  lower  greensand, 
for  a  distance  of  several  miles  from  the  escarpment  of  the  North  and 
South  Downs.  But  no  vestige  of  the  chalk  and  its  flints  has  been  seen 
on  the  central  ridge  of  the  Weald  or  the  Hastings  sands,  but  merely 
gravel  derived  from  the  rocks  immediately  subjacent.  This  distribution 
of  alluvium,  and  especially  the  absence  of  chalk  detritus  in  the  central 
district,  agrees  well  with  the  theory  of  denudation  before  set  forth ;  for 
to  return  to  fig.  259,  if  the  chalk  (No.  1)  were  once  continuous  and 
covered  everywhere  with  flint  gravel,  this  superficial  covering  would  be 
the  first  to  be  carried  away  from  the  highest  part  of  the  dome  long 
before  any  of  the  gault  (No.  2)  was  laid  bare.  Now  if  some  ruins  of 
the  chalk  remain  at  first  on  the  gault,  these  would  be,  in  a  great  degree, 
cleared  away  before  any  part  of  the  lower  greensand  (No.  3)  is  denuded. 
Thus  in  proportion  to  the  number  and  thickness  of  the  groups  removed 
in  succession,  is  the  probability  lessened  of  our  finding  any  remnants  of 
the  highest  group  strewed  over  the  bared  surface  of  the  lowest. 

As  an  exception  to  the  general  rule  of  the  small  distance  to  which  any 
wreck  of  the  chalk  can  be  traced  from  the  escarpments  of  the  North 
and  South  Downs,  I  may  mention  a  thick  bed  of  chalk  flints  which 
occurs  near  Barcombe,  about  three  miles  to  the  north  of  Lewes  (see  fig. 
263),  a  place  which  I  visited  with  Dr.  Mantell,  to  whom  I  am  indebted 
for  the  accompanying  section.  Even  here  it  will  bo  seen  that  the  gravel 
reaches  no  farther  than  the  Weald  Clay.  The  same  section  shows  one 
of  the  minor  east  and  west  anticlinal  lines  before  alluded  to  (p.  244). 

.  Fig.  268. 

^^  2 
— -\  Barcomhi 


8«ctlon  fh>m  the  north  escarpment  of  the  Soath  Downs  to  Barcombe. 
1.  Gravel  composed  of  partially  rounded  chalk  flints. 
1  Chalk  with  and  without  flintA. 

&  Lowest  chalk  or  chalk  marl  (upper  greensand  wanting^ 
4  Gault  6.  Lower  greensand.  6.  Weald  clay. 

♦  See  aboTc.  p.  82. 
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At  what  period  the  Weald  Valley  teas  denuded, — ^If  we  inqoire  it 
what  geological  period  the  denudation  of  the  Weald  was  effe^ed,  ws 
shall  immediately  perceive  that  the  question  is  limited  to  this  point, 
whether  it  took  place  during  or  subsequent  to  the  deposition  of  the 
Eocene  strata  of  the  south  of  England.  For  in  the  basins  of  Londott 
and  Hampshire  the  Eocene  strata  are  conformable  to  the  chalk,  being 
horizontal  where  the  beds  of  chalk  are  horizontal,  and  vertical  when 
thej  are  vertical,  so  that  both  series  of  rocks  appear  to  have  participated 
in  nearly  the  same  movements.  At  the  eastern  extremity  of  the  Isle  ef 
Wight,  some  beds  even  of  the  freshwater  series  have  been  thrown  ob 
their  edges,  like  those  of  the  London  clay.  Nevertheless,  we  can  by  no 
means  infer  that  all  the  tertiary  deposits  of  the  London  and  Hampshire 
basins  once  extended  like  the  chalk  over  the  entire  valley  of  the  Weald; 
because  the  denudation  of  the  chalk  and  greensand  may  have  been  going 
on  in  the  centre  of  that  area,  while  contiguous  parts  of  the  se^  wen 
suflSciently  deep  to  receive  and  retain  the  matter  derived  from  that  waste. 
Thus  while  the  waves  and  currents  were  excavating  the  longitudinal  val- 
leys D  and  0  (fig.  264),  the  deposits  a  may  have  been  thrown  down  to 

F1c.26i. 


the  bottom  of  the  contiguous  deep  water  E,  the  sediment  being  drifted 
through  transverse  fissures,  as  before  explained.  In  this  case,  tlie  rise  of 
the  formations  Nos.  1,  2,  3,  4,  5,  may  have  been  going  on  contempora- 
neously with  the  excavation  of  the  valleys  C  and  D,  and  with  the  accu- 
mulation of  the  tertiary  strata  a. 

This  idea  receives  some  countenance  from  the  fact  of  the  tertiary  strata, 
near  their  junction  with  the  chalk  of  the  London  and  Hampshire  basins, 
often  consisting  of  dense  beds  of  sand  and  shingle,  as  at  Blackheath  and 
in  the  Addington  Hills  near  Croydon.  They  also  contain  occA««ionally 
freshwater  shells  and  the  remains  of  land  animals  and  plants,  which  in- 
dicate the  former  presence  of  land  at  no  great  distance,  some  part  of 
which  may  have  occupied  the  centre  of  the  Weald. 

Such  masses  of  well-rolled  pebbles  occurring  in  tlie  lowest  Eocene 
strata,  or  those  called  "  the  plastic  clay  and  sands*'  before  described  (No. 
3,  6,  Tab.  p.  197),  imply  the  neighborhood  of  an  ancient  shore.  They 
also  indicate  the  destruction  of  pre-existing  chalk  with  flints.  At  the 
same  time  fossil  shells  of  the  genera  Melania^  Cyclas^  and  Unio^  appear- 
ing here  and  there  in  beds  of  the  same  age,  together  with  plants  and  the 
bones  of  land  animals,  bear  testimony  to  contiguous  land,  which  proba- 
bly constituted  islands  scattered  over  the  space  now  occupied  by  the  ter- 
tiary basins  of  the  Seine  and  Thames.  The  stage  of  denudation  repre- 
sented in  fig.  259,  p.  249,  may  explain  the  state  of  things  prevailing  at 
points  where  such  islands  existed.  By  the  alternate  rising  and  sinking 
of  the  white  chalk  and  older  beds,  a  large  area  may  have  become  0Te^ 
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^read  with  gravelly,  sandy,  and  clayey  beds  of  fluvio-marine  and  shallow- 
water  origin,  before  any  of  the  London  clay  proper  (or  Calcaire  grossier 
in  France)  were  superimposed.  This  may  account  for  the  fact  that  patches 
of  **  plastic  clay  and  sand"  (No.  3,  6,  Tab.  p.  197),  are  scattered  over  the 
tui&ce  of  the  chalk,  reaching  in  some  places  to  great  heights,  and  ap- 
proaching even  the  edges  of  the  escarpments.  We  must  suppose  that 
Mibaequently  a  gradual  subsidence  took  place  in  certain  areas,  which  al- 
lowed the  London  clay  proper  to  accumulate  over  the  Lower  Eocene  sands 
and  clays,  in  a  deep  sea.  During  this  sinking  down  (the  vertical  amount 
oi  which  equalled  800,  and  in  parts  of  the  Isle  of  Wight,  according  to 
Mr.  Prestwich,  1800  feet),  the  work  of  denudation  would  be  unceasing, 
being  always,  however,  confined  to  those  areas  where  land  or  islands 
existed.  At  length,  when  the  Bagshot  sand  had  been  in  its  turn  thrown 
down  on  the  London  clay,  the  space  covered  by  these  two  formations 
was  again  upraised  from  the  sea  to  about  the  height  which  it  has  since 
retained.  During  this  upheaval,  the  waves  would  again  exert  their  power, 
not  only  on  the  white  chalk  and  lower  cretaceous  and  Wealden  strata, 
bat  also  on  the  Eocene  formations  of  tlie  London  basin,  excavating  val- 
leys and  undermining  cliffs  as  the  strata  emerged  from  the  deep. 

There  are  grounds,  as  before  stated  (p.  205),  for  presuming  that  the 
tertiary  area  of  London  was  converted  into  land  before  that  of  Hamp- 
shire, and  for  this  reason  it  contains  no  marine  Eocene  deposits  so  mod- 
ern as  those  of  Barton  Cliff,  or  the  still  newer  freshwater  and  fluvio- 
marine  beds  of  Hordwell  and  the  Isle  of  Wight.  These  last  seem 
unequivocally  to  demonstrate  the  local  inequality  of  the  upheaving  and 
depressing  movements  of  the  period  alluded  to ;  for  we  find,  in  spite  of 
the  evidence  afforded  in  Alum  and  White  Cliff  Bays,  of  continued  de- 
pression to  the  extent  of  1800  or  2000  feet,  that  at  the  close  of  the  Eocene 
period  a  dense  formation  of  freshwater  strata  was  produced.  The  fossils 
of  these  strata  bear  testimony  to  rivers  draining  adjacent  lands,  and  the 
existence  of  numerous  quadrupeds  on  those  lands.  Instead  of  such  phe- 
nomena, the  signs  of  an  open  sea  might  naturally  have  been  expected  as 
the  consequence  of  so  much  subsidence,  had  not  the  deprcission  been  ac- 
companied or  followed  by  upheaval  in  a  region  immediately  adjoining. 

W^hen  we  attempt  to  speculate  on  the  geographical  changes  which 
took  place  in  the  earlier  part  of  the  Eocene  epoch,  and  to  restore  in 
imagination  the  former  state  of  the  physical  geography  of  the  south- 
east of  England,  we  shall  do  well  to  bear  in  mind  that  wherever  there 
are  proo&  of  great  denudation,  there  also  the  greatest  area  of  land  has 
probably  existed.  In  the  same  space,  moreover,  the  oscillations  of  level, 
and  the  alternate  submergence  and  emergence  of  coasts,  may  be  pre- 
sumed to  have  been  most  frequent :  for  these  fluctuations  facilitate  the 
wasting  and  removing  power  of  waves,  currents,  and  rivers. 

We  should  also  remember  that  there  is  always  a  tendency  in  the  last 
denuding  operations,  to  efface  all  signs  of  preceding  denudation,  or  at 
least  all  those  marks  of  waste  from  which  alone  a  geologist  can  ascertain 
die  date  of  the  removal  of  the  missing  strata  within  the  denuded  are& 
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It  may  often  be  difficult  to  settle  the  chronology  even  of  the  last  of  a  ae- 
ries of  such  acts  of  removal,  but  it  must  be,  in  the  nature  of  things,  ahnoit 
always  impossible  to  assign  a  date  to  each  of  the  antecedent  denudatums. 
If  we  wish  to  determine  the  times  of  the  destruction  of  rocks,  we  mut 
look  anywhere  rather  than  to  the  spaces  once  occupied  by  the  miaaiig 
rocks.  We  must  inquire  to  what  regions  the  ruins  of  the  white  chalk, 
greensand,  Wealden,  and  other  strata  which  have  disappeared,  were 
transported.  We  are  then  led  at  once  to  the  examination  of  all  the  de- 
posits newer  than  the  chalk,  and  first  to  the  oldest  of  these,  the  Lower 
Eocene,  and  its  sand,  shingle,  and  clay.  In  them,  so  largely  developed 
in  the  immediate  neighborhood  of  the  denuded  area,  we  discover  ibe 
wreck  we  are  in  search  of,  regularly  stratified,  and  inclosing,  in  some  of 
its  layers,  organic  remains  of  a  littoral,  and  sometimes  fiuviatile  chano- 
ter.  What  more  can  we  desire  ?  The  shores  must  have  consisted  of 
chalk,  greensand,  and  Wealden,  since  these  were  the  only  superficial 
rocks  in  the  southeast  of  England,  at  the  commencement  of  the  Eocene 
epoch.  The  waves  of  the  sea,  therefore,  and  the  rivers  were  grinding 
down  chalk-fiints  and  chert  from  the  greensand  into  shingle  and  sand, 
or  were  washing  away  calcareous  and  argillaceous  matter  from  the  cre- 
taceous and  Wealden  beds,  during  the  whole  of  the  Eocene  period. 
Thus  we  obtain  the  date  of  a  great  part  at  least  of  that  enormous  amount 
of  denudation  of  which  we  have  such  striking  monuments  in  the  space 
intervening  between  the  North  and  South  Downs. 

There  have  been  some  movements  of  land  on  a  smaller  scale  since 
the  Eocene  period  in  the  southeast  of  England.  One  of  the  latest  of 
these  happened  in  the  Pleistocene,  or  even  perhaps  as  late  as  the  Post- 
Pliocene  period.     The  formation  called  by  Dr.  Mantell  the  Elepliant 

Fig.  265. 


A.  Cfaalk  with  layers  of  flint  dipping  slightly  to  the  sooth. 

&.  Ancient  beach,  consisting  of  nne  sand,  from  one  to  four  feet  thick,  corered  by  Bhfnsle  ttmn  flr* 

to  eight  feet  thick  of  pebbles  of  chalk-flint,  granite,  and  other  rocka,  with  broken  sMla  of 

recent  marine  8pecio^  and  bones  of  oetacea. 
&  Elephant  bed,  about  flflr  feet  thick,  consiBting  of  layers  of  white  chalk  rubble,  with  brokn 

chalk  •flints,  in  which  deposit  are  found  bonee  of  oz,  deer,  hofse,  and  maB&moth. 
d.  Band  and  ahingle  of  modem  beach. 
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Bed,  at  the  foot  of  the  chalk  clifis  at  Brighton,  is  not  merely  a  talus  of 
calcareous  ruhble  collected  at  the  base  of  an  inland  cliff,  but  exhibits 
every  appearance  of  having  been  spread  out  in  successive  horizontal 
layers  by  water  in  motion. 

The  deposit  alluded  to  skirts  the  shores  between  Brighton  and  Rotting - 
dean,  and  another  mass  apparently  of  the  same  age  occurs  at  Dover. 
l*he  phenomena  appear  to  me  to  suggest  the  following  conclusions : — 
First,  the  southeastern  part  of  England  had  acquired  its  actual  configu- 
ration when  the  ancient  chalk  cliff  A  a  was  formed,  the  beach  of  sand 
and  shingle  6  having  then  been  thrown  up  at  the  base  of  tlie  clif!'. 
Afterwards  the  whole  coast,  or  at  least  that  part  of  it  where  the  elephant 
bed  now  extends,  subsided  to  the  depth  of  fifty  or  60  feet ;  and  during 
the  period  of  submergence  successive  layers  of  white  calcareous  rubble  c 
were  accumulated,  so  as  to  cover  the  ancient  beach  6.  Subsequently,  the 
coast  was  again  raised,  so  that  the  ancient  shore  was  elevated  to  a  level 
somewhat  higher  than  its  original  position.* 


CHAPTER  XX. 
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SabdiTifliooB  of  the  Oolitic  or  Jurassic  group — Physical  geography  of  the  Oolite  in* 
England  and  France — Upper  Oolite — Portland  stone  and  fossils — Lithographic 
atone  of  Solenhofen — Middle  Oolite,  coral  rag — 2k)ophytes — Nerinaean  limestone 
— ^Diceras  limestone — Oxford  clay,  Ammonites  and  Belemnites — Lower  Oolite, 
Crinoideans — Great  Oolite  and  Bradford  clay — Stonesfield  slate — Fossil  mam- 
malia, placental  and  marsupial — Resemblance  to  an  Australian  fauna — Doctrine 
of  progressive  development — Colly  weston  slates — Yorkshire  Oolitic  coal-field — 
Brora  coal — Inferior  Oolite  and  fossils. 

Oolitic  or  Jurassic  Group. — Below  the  freshwater  group  called  the 
Wealden,  or  where  tliis  is  wanting,  immediately  beneath  the  Cretaceous 
formation,  a  great  series  of  marine  strata,  commonly  called  "  the  Oolite," 
occurs  in  England  and  many  other  partj  of  Europe.  This  group  has 
been  so  named,  because,  in  the  countries  where  it  was  first  examined,  the 
limestones  belonging  to  it  had  an  oolitic  structure  (see  p.  12).  These 
rocks  occupy  in  England  a  zone  which  is  nearly  30  miles  in  average 
breadth,  and  extends  across  the  island,  from  Yorkshire  in  the  northeast, 
to  Dorsetshire  in  the  southwest  Their  mineral  characters  are  not  uni- 
form throughout  this  region ;  but  the  following  are  the  names  of  the 

*  See  ManteU*8  OeoL  of  S.  K  of  England,  p^  82.  After  re-examining  the  ele- 
phant bed  in  1884, 1  was  no  longer  in  doubt  of  its  having  been  a  regular  sub* 
aqneons  deposit  In  1828,  Dr.  Biantell  discovered  in  the  shingle  below  the  chalk- 
rubble  the  jawbone  of  a  whale  12  feet  long,  which  must  have  belonged  to  an' 
individiial  £rain  60  to  70  feet  in  length.  Medals  of  Creation,  p.  826. 
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principal  subdivisions  observed  in  the  central  and  soutlieasteiii  puti  cf 

England : — 

OOLITE. 


Unner   -I  ^  Portland  stone  and  sand. 


Kiromeridge  day. 

Middle  \  ':  ?°'r^J^{ 
( <L  Oxford  clay. 

fe.  Combrash  and  Forest  marble. 
/  Great  Oolite  and  Stonesfield  slate. 
if.  Fuller's  earth. 
h.  Inferior  Oolite. 
The  Lias  then  succeeds  to  the  Inferior  Oolite. 

The  Upper  oolitic  system  of  the  above  table  has  usually  the  Eimme- 
ridge  clay  for  its  base ;  the  Middle  oolitic  system,  the  Oxford  clay.  Tht 
Lower  system  reposes  on  the  Lias,  an  argil lo-calcareous  formation,  whidi 
some  include  in  the  Lower  Oolite,  but  which  will  be  treated  of  separatdj 
in  the  next  chapter.  Many  of  these  subdivisions  are  distinguished  by 
peculiar  organic  remains ;  and  tliough  varying  in  thickness,  may  be 
traced  in  certain  directions  for  great  distances,  especially  if  we  compare 
the  part  of  England  to  whicli  the  above-mentioned  type  refers  with  the 
northeast  of  France,  and  the  Jura  mountains  adjoining.  In  that  country, 
distant  above  400  googi-aphical  miles,  the  analogy  to  the  English  type; 
notwithstanding  the  thinness,  or  occasional  absence  of  the  clays,  is  more 
perfect  than  in  Yorkshire  or  Normandy. 

Physical  geography. — The  alternation,  on  a  grand  scule,  of  distinct 
formations  of  clav  and  limestone,  has  caused  the  oolitic  and  liassic  series 
U>  give  rise  to  some  marked  features  in  the  physical  outline  of  parts  of 
England  and  France.  Wide  valleys  can  usually  be  traced  throughout 
the  long  bounds  of  country  where  the  argillaceous  strata  crop  out;  and 
between  these  valleys  the  limestones  are  observed,  composing  ranges  of 
hills,  or  more  elevated  grounds.  These  ranges  tenninate  abruptly  on  the 
side  on  which  the  several  clays  rise  up  from  beneath  tlie  calc^ireous  strata. 

The  annexed  diagram  will  give  the  reader  an  idea  of  the  configuration 
of  the  surface  now  alluded  to,  such  as  may  be  seen  in  passing  from  Lon- 
don to  Cheltenham,  or  in  other  parallel  lines,  from  east  to  west,  in  the 
touthern  part  of  England.  It  has  been  necessary,  however,  in  this  draw- 
Fig.  26G. 
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ing,  greatly  to  exaggerate  the  inclination  of  the  beds,  and  the  heiglit  of 
the  several  formations,  as  compared  to  their  horizontal  extent.  It  wffl 
be  remarked,  that  the  lines  of  clift',  or  escarpment,  face  towards  the 
west  in  the  great  calcareous  eminences  formed  by  the  Chalk,  and  the 
Upper,  Middle,  and  Lower  Oolites ;  and  at  th  3  base  of  which  we  hare 
respectively  the  Gault,  Kimmeridge  clay-,  Oxford  clay,  and  Lias.  lUs 
last  forms,  generally,  a  broad  vale  at  the  foot  of  the  escaipm^t  oi 
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urflErior  oolite,  but  where  it  acquires  considerable  thickness,  and  contains 
ao!id  beds  of  marlstone,  it  occupies  the  toner  part  of  the  escarpment. 

The  external  outline  of  the  country  which  the  geologist  observes  in 
traTelling  eastward  from  Fari^  to  Metz  is  precisely  analogous,  and  is 
caused  by  a  similar  succession  of  rocka  intervening  between  the  tertiary 
■tnita  and  the  Liaa  ;  with  this  dilference,  however,  that  the  escarpments 
of  Chalk,  Upper,  Middle,  and  Lower  Oolites,  face  towatds  the  east  in- 
stead of  the  wcat. 

The  Chalk  crops  out  from  beneath  the  tertiary  sands  and  clays  of  the 
Paris  basin,  near  Epemay,  and  the  Gault  from  beneath  the  Chalk  and 
Upper  Qreensand  at  Clerinont-en- Argon ne ;  and  passing  from  this  place 
hy  Verdun  and  Etain  to  Metz,  we  find  two  limestone  ranges,  with  inter- 
veoing  val«  of  clay,  precisely  resembling  tliose  of  southern  and  central 
Engtaod,  until  we  reach  the  great  plain  of  Lias  at  the  base  of  the  In- 
feiior  Oolite  at  Metz. 

It  is  evident,  therefore,  that  tlie  denuding  causes  have  acted  similarly 
over  an  area  several  hundred  miles  in  dianieter,  sweeping  away  the  softer 
days  more  extensively  than  the  limestones,  and  undennining  these  last  bo 
aa  to  cause  them  to  form  sleep  cliffs  wherever  the  harder  calcareous  rock 
was  baaed  upon  a  more  yielding  and  destructible  clay.  This  denudation 
probably  occurred  while  the  land  was  slowly  rising  out  of  the  sea.* 

Upper  Oolite. 

The  Portland  stone  has  already  been  mentioned  as  forming  in  Dorset- 
shire tlie  foundation  on  which  the  freshwater  limestone  of  tlie  Lower 
Purbeck  reposes  (see  p,  232).  It  Bup[ilie8  the  well-known  building  stone 
of  which  St  Paul's  and  so  many  of  the  prindpal  edifices  of  London  are 
constructed.  This  upper  member,  chnracterized  by  peculiar  marine  fos- 
sils, rests  on  a  dense  bed  of  sand,  called  the  Portland  sand,  below  which 
is  the  Kimmeridge  chiy.  In  England  these  Upper  Oolite  formations  are 
almost  wholly  confined  to  the  soutliern  counties.  Corals  are  rare  in  them, 
although  one  species  is  found  plentifully  at  lui- 
__.^f^  bury,  in  Wiltshire,  in  tlie  Portland  sand  con- 

verted into  flint  and  chert,  the  original  calcare- 
ous matter  being  replaced  by  silex  (fig^.  267). 

Among  the  characteristic  fossils  of  the  Upper 
Oolite,  may  be  mentioned  the  Oitrea  deltoidea 
{fig.  260),  found  in  the  Kimmeridge  clay  tlirough- 
out  England  and  the  north  of  France,  and  also 
in  Scotland,  near  Brora.  Tlie  Gn/pktea  virgala 
(fig.  208),  also  met  with  in  the  same  clay  near 
Oxford,  is  so  abundant  in  the  Upper  Oolite  of 
parts  of  France  as  to  have  caused  the  deposit  to 
be  termed  "  mamea  k  gryph6ea  virguies."  Near 
VptmOol^TVbvj.  Clermont)  in  Argonne,  a  few  leagues  &om  St. 

*  Sea  duplGn  tI  and  zik 


MIDDLE  OOUnt. 


Menehould,  vrhere  Uieae  indurated  marl*  crop  out  fitan  beneath  Uu 
gault,  I  have  seen  them,  on  decomposing,  leAve  the  mir&ce  of  ervy 
ploughed  Seld  literally  strewed  over  with  this  foaail  oyster. 


jyigoiUa  fftbboKt.    i 


The  Kimmeridge  day  consists,  in  great  part,  of  a  bituminous  shsk, 
sometimes  forming  an  impure  coat  seTeral  hundred  feet  in  thickneM.  In 
some  places  in  Wiltshire,  it  much  resembles  pe*t ;  and  the  bituminoiB 
matter  may  have  been,  in  part  at  least,  derived  from  the  decompoaitiw 
of  vegetables.  But  as  impressions  of  plants  are  rare  in  Iheee  shalM, 
i*hich  contain  ammonites,  oysters,  and  other  marine  shells,  the  bitanN 
may  perhaps  be  of  animal  origin. 

The  celebrated  lithographic  stone  of  Solenhofen,  in  Bftvaria,  belong 
to  one  of  the  upper  divisions  of  the  oolite,  and  affords  a  remarkable  ei- 
ample  of  the  variety  of  fossib  which  may  be  preserved  under  invorable 
circumstances,  and  what  delicate  impressions  of  the  tender  parts  of  ott- 
tain  animals  and  plants  may  be  retained  where  the  sediment  is  of  eitremt 
fineness.  Although  the  number  of  testacea  in  this  slate  is  small,  and 
the  plants  few,  and  those  all  marine.  Count  Munsler  had  determined  do 
less  than  231  species  of  fossils  when  T  saw  his  collection  in  1633  ;  ud 
among  them  no  less  than  seven  tpeeiet  of  flying  lizards,  or  pterodactyl 
six  saurians,  three  tortoises,  sixty  spedes  of  fish,  forty-six  of  crustacei, 
and  twenty-fiix  of  insects.  These  inaccis,  among  which  is  a  libellula,  of 
dragon-fly,  must  have  been  blown  out  to  sea,  probably  from  the  same 
land  to  which  the  flying  lizards,  and  other  contemporaneous  reptiles, 
resorted. 

Afiddte  Oolitt. 

Coral  Rag. — One  of  the  limestones  of  the  Middle  Oolite  has  bMB 
called  the  "  Coral  Rag,"  because  it  consists,  in  part,  of  continuous  bcA 
of  petrified  corals,  for  the  most  part  retaining  the  position  in  whidi  tb^ 
grew  at  the  bottom  of  the  sea.  They  belong  chiefly  to  the  genet*  Corf- 
ftphyllia  (fig.  271),  Agaricia,  and  Antrea,  and  sometimes  fonn  masees  ef 
coral  Ifi  feet  thick.  In  the  annexed  figure  of  an  Ailrea,  from  this  far- 
matioD,  it  will  be  seen  that  the  cup-shaped  cavities  are  deepest  on  the 
right-hand  side,  and  that  they  grow  more  and  more  shallow,  till  thoM 
on  the  left  side  are  nearly  filled  up.  Hie  last-named  stars  are  supposed 
to  be  Polyparia  of  advanced  age.    These  conlline  strat*  extend  throngh 
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tbe  calcareous  hills  of  the  N.  W.  of  Berkshire,  and  north  of  Wilts,  and 
again  recur  in  Yorkshire,  near  Scarborough. 

One  of  the  limestones  of  the  Jura,  referred  to  the  age  of  the  English 
«onl  rag,  has  been  called  "  NerinKan  limestone"  (Calcwre  k  N^rin^ea) 
hf  it.  Tbirria ;  Jferinaa  being  an  extinct  genuB  of  univalve  shells,  much 
nBembiing  the  Cerilhium  in  external  form.  The  annexed  section  (fig. 
373)  shows  the  curious  form  of  the  hollow  part  of  each  whorl,  and  also 


tbe  perforation  which  passes  up  the  middle  of  the  columella.  JV.  Good- 
kmltii  (fig.  274)  is  another  English  species  of  the  same  genus,  from  a 
fixmation  which  seems  to  form  a  pasat^  irom  the  Eimmeridge  claj  to 
the  ooral  rag.* 

A  divisioD  of  the  oolit«  in  the  Alps,  regarded  by  most  geologists  as 
eoeval  with  the  English  coral  rag,  has  been  oflen  named  **  Calcaire  i  Di- 
eeratea,"  or  "  Diceras  limestone,"  from  its  containiDg  abundantly  a  bivalve 
•hcQ  (see  fig.  S76)  of  a  genus  allied  to  the  Ckama. 

*  Tittoo,  QvA.  Tnuu.  Second  Series  vol  iv.  pL  88,  fig.  IS 
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Oxford  Clay. — The  coralline  limostone,  or  "coral  rag,"  above  d*- 
scribed,  and  tlic  accompiiiLyiiig  eandy  beds,  called  "  calcareous  gritB"  of 
the  Middle  Oolite,  resU  on  u  thick  bed  i.f  claj,  called  the  Oxford  cl«. 
sometimes  not  less  than  500  feet  thick.  In  this  there  are  no  corals,  bat 
great  abundance  of  cejihalopodn  of  tbe  genera  Ammonite  and  Belemnit*. 
(See  %  277.)     In  some  of  the  clay  of  very  fine  texture  a 


very  perfect,  although  somewhat  compressed,  and  are  seen  to  be  furnished 
on  each  side  of  tlie  apertufe  with  a  single  honi-like  projection  (see  fig. 
278).  Tliese  were  discovered  in  the  cuttings  of  the  Great  Weatera 
Railway,  near  Chippenham,  in  IBll,  and  have  been  described  by  Mr. 
Pratt.* 


•  B.  P.  Fritt,  Annali  of  TStA.  Hirt.  Hovetnber,  lUl. 
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Similar  elongated  processes  hnve  been  also  ob- 
aen'ed  to  extend  from  tlia  uliella  of  some  bekm- 
nites  diacovercil  by  Dr.  Mantcll  in  Uie  same  clay 
(see  fig.  279),  wbo,  by  the  &td  of  this  and  other 
spcdmens,  has  been  &b1e  to  throw  much  light  on 
the  structure  of  this  singular  extinct  form  of 
cuttle-fish.* 
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Lower  Oolite. 

The  upper  division  of  this  series,  which  is 
more  extensive  tlian  the  preceding  or  Middle 
Oolite,  is  called  in  England  tbe  Uombrash.  It 
consists  of  clays  and  calcareous  sandstones, 
whicli  pass  downwards  into  the  Forest  marble, 
an  argillaceous  limestone,  abounding  in  marine 
fossils.  In  some  jilaees,  as  at  Bradford,  this 
limestone  is  replaced  by  a  mass  of  clay.  The 
sandstones  of  the  Forest  Marble  of  Wiltshire  are 
otUn  ripple-marked  and  filled  with  fragments  of 
broken  shells  and  pieces  of  drifl-wood,  having 
evidently  been  formed  on  a  coast  Rippled  slabs 
of  fissile  oolite  are  used  for  roofing,  and  have 
been  traced  over  a  broad  band  of  country  from 
Bradford,  in  Wilts,  to  Tetbury,  in  Gloucestershire. 
These  calcareous  tile^tones  are  separated  from 
each  other  by  thin  seams  of  clay,  which  have 
been  deposited  upon  them,  and  have  taken  their 
fonii,  preserving  the  undulating  ridges  and  fur- 
rows of  the  sand  in  such  complete  integrity,  that 
the  impressions  of  small  footsteps,  apparently  of 
crabe,  wbicli  walked  over  the  soft  wet  sands,  are 
still  visible.  In  the  same  stone  the  claws  of 
crabs,  fragments  of  echini,  and  other  signs  of  a 
neighboring  beach  are  observed.f 

Great  Oolite. — Although  the  name  of  coral- 
rag  has  been  appropriated,  as  we  have  seen,  to  a 
member  of  the  Upper  Oolite  before  described, 
some  portions  of  the  Lower  Oolite  are  equally 
entitled  in  many  places  to  be  called  coralline 
limestones.  Thus  the  Great  Oohte  near  Bath 
contains  various  corals,  among  wliich  the  Euno- 
mia  radiala  (fig.  280)  is  very  conspicuous,  sin^e 
individuals  forming  masses  several  feet  in  diam- 


*  See  Piiil.  Tnns.  18G0,  p.  3S3. 

t  F.  3erope,  QeoL  Prooasd.  March,  1B81. 
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eUr;  and  having  probnbly  required,  like  the  large  existing  brain-conl 
(Meandri/ia)  of  the  tropics,  tnap;  centuries  before  their  growth  wh 
completed. 

Different  species  of  Crinoideatu,  or  stone-lilies,  are  also  common  in 
the  same  rocks  with  corals;  and,  like  them,  must  have  enjoyed  a  firm 
bottom,  where  their  root,  or  base  of  attachment,  renutined  undisturbed 
for  years  (e,  fig.  281).     Such  fossils,  therefore,  are  almost  confined  to 
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a,  etam  of  AptoeHnfte*.  ud  one  of  Uh  U1ICD!Uloll^  niUril  ilie. 

e.  BfcUonat  BnuUbrdof^nntoallwuiloTaTlrliigclir.  oonUlDtngUitlbBilMialiilla.  Baal^ 

s.  Tbne  perfect  lodlvlduli  oC  ApiocrtnUtt,  npnHaled  u  U»r  gnw  on  tlie  Bnrfeeo  et  [fa*  Smt 

OallU. 
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the  limestones ;  but  an  eiception  occurs  at  Bradford,  near  Bath,  where 
they  are  enveloped  in  clay.  In  this  case,  however,  it  appears  that  th< 
solid  upper  surface  of  the  "  Great  Oolite"  had  supported,  for  a  time,  a 
thick  submarine  forest  of  these  beautifiil  zoophytes,  until  the  clear  and 
Btill  water  was  invaded  by  a  current  charged  with  mud,  which  threw 
down  the  stone-lilies,  and  broke  most  of  their  stems  short  off  near  th« 
point  of  attachment  The  stumps  still  remain  in  their  original  position; 
but  the  numerous  articulations  once  composing  the  stem,  arms,  uid  body 
'f  the  zoophyte,  were  Bcatt«red  at  random  through  the  argillaceous  de- 
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post  is  whit^  some  now  lie  prostrate.  Tbe»e  appearances  are  repre- 
■ented  in  the  aeotion  b,  Sg.  261,  where  the  darker  etrsta  represent  the 
Bradford  claj,  which  some  geologists  class  with  the  Forest  marble,  oth- 
a»  with  the  Gre^  Oolite.  The  upper  surface  of  Uie  calcareous  stone 
below  is  completely  incrusted  over  with  a  continuous  pavement,  formed 
by  the  stony  roots  or  attachments  of  the  Crinoidea ;  and  besides  this  evi- 
deoce  of  the  length  of  tdme  tliey  had  lived  on  the  spot,  we  find  great 
numbers  of  single  jointa,  or  circular  plates  of  the  stem  and  body  of  the 
encrinite,  covered  over  with  lerpults.  Now  these  serpula  could  only 
have  begun  to  grow  after  the  death  of  some  of  the  stone-lilies,  parts  of 
whose  skeletons  had  been  strewed  over  the  floor  of  the  ocean  before  the 
irruption  of  argillaceous  mud.  In  some  instances  we  find  that,  after  the 
parasitic  terpuloe  were  full  grown,  they  had  become  incrusted  over  with 
a  coral,  called  Berenicea  dilamana  ;  and  many  generations  of  these 
polyps  had  succeeded  each  other  in  the  pure  water  before  they  became 
fiMsiJ. 

FlftSM. 


We  may,  therefore,  perceive  distinctly  that,  as  the  pinea  and  cyca- 
deoua  plants  of  the  ancient  "  dirt  bed,"  or  fossil  forest,  of  the  Lower  Pur- 
beclc  were  killed  by  submergence  under  fresh  water,  and  soon  buried 
beneath  muddy  sediment,  so  an  invasioi)  of  argillaceous  matter  put  a 
andden  stop  to  the  growth  of  the  Bradford  EncriDitea,  and  led  to  their 
preservation  in  marine  strata,* 

Such  differences  in  the  fossils  as  distinguish  the  calcareous  and  argil- 
laceous deposits  from  each  other,  would  be  described  by  naturalists  as 
arising  out  of  a  difference  in  the  tlattoni  of  apedes  ;  but  besides  these, 
there  are  variationa  in  the  fossils  of  the  higher,  middle,  and  lower  part 
of  the  oolitic  series,  which  must  be  ascribed  to  that  great  law  of  change 
in  organic  life  by  which  distinct  assemblages  of  species  have  been 
adapted,  at  successive  geological  periods,  to  tlie  varying  conditions  of 
the  habitable  surface.     In  a  ungle  district  it  is  difficult  to  decide  how 
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far  the  limitation  of  species  to  certain  minor  formations  has  been  due  ta 
the  local  influence  of  stations,  or  how  far  it  has  been  caused  by  time  or 
the  creative  and  destroying  law  above  alluded  to.  But  we  recognize 
the  reality  of  the  last^mentioned  influence,  when  we  contrast  the  whole 
oolitic  series  of  England  with  that  of  parts  of  the  Jura,  Alps,  and  other 
distant  regions,  where  there  is  scarcely  any  lithological  resemblance; 
and  yet  some  of  the  same  fossils  remain  peculiar  in  each  country  to  the 
Upper,  Middle,  and  Lower  Oolite  formations  respectively.  Mr.  Thur- 
man  has  shown  how  remarkably  this  fact  holds  true  in  the  Bernese 
Jura,  although  the  argillaceous  divisions,  so  conspicuous  in  England,  are 
feebly  represented  there,  and  some  entirely  wanting. 

The  Bradford  clay  above  alluded  to  is  sometimes  60  feet  thick,  but, 

in  many  places,  it  is  wanting ;  and,  in  others,  where 
^js-^'  there  are  no  limestones,  it  cannot  easily  be  separ- 

ated from  the  clays  of  the  overlying  "  forest  ma^ 
ble'-  and  underlying  "  fuller's  earth." 

The  calcareous  portion  of  the  Great  Oolite  con- 
sists of  several  shelly  limestones,  one  of  which, 
called  the  Bath  Oolite,  is  much  celebrated  as  a 
Terebratuia  digona.       buildiuff  stonc.     In  parts  of  Gloucestershire,  espe- 

Bradford  clay.  Nat.  six*.         ...  •»».      i  .    i  ^  i       /-i  ^v   i« 

cially  near  Mmchmhampton,  the  Great  Oolite,  sap 
Mr.  Lycett,  "  must  have  been  deposited  in  a  shallow  sea,  where  strong 
currents  prevailed,  for  there  are  frequent  changes  in  the  mineral  char- 
acter of  the  deposit,  and  some  beds  exhibit  false  stratification.  In 
others,  heaps  of  broken  shells  are  mingled  with  pebbles  of  rocks  foreign 
to  the  neighborhood,  and  with  fragments  of  abraded  madrepores,  dico- 
tyledonous wood,  and  crabs'  claws.  The  shelly  strata,  also,  have  occa- 
sionally suft'ered  denudation,  and  the  removed  portions  have  been 
replaced  by  clay."*  In  such  shallow-water  beds  cephalopoda  are  rare, 
and,  instead  of  ammonites  and  belemnites,  numerous  genera  of  carniv- 
orous trachelipods  appear.  Out  of  one  hundred  and  forty-two  spedes 
of  univalves  obtained  from  the  Minchinhampton  beds,  Mr.  Lycett  found 
no  less  than  forty-one  to  be  carnivorous.  They  belong  principally  to  the 
genera  Biiccinumy  Pleurotoma,  Mostellaria,  Murex,  and  Fxisus^  and  ex- 
hibit a  proportion  of  zoophagous  species  not  very  different  from  that 
which  obtains  in  warm  seas  of  the  recent  period.  These  conchological 
results  are  curious  and  unexpected,  since  it  was  imagined  that  we  might 
look  in  vain  for  the  carnivorous  trachelipods  in  rocks  of  such  high  an- 
tiquity as  the  Great  Oolyte,  and  it  was  a  received  doctrine  that  they  did 
not  begin  to  appear  in  considerable  numbers  till  the  Eocene  period,  when 
those  two  great  fomilies  of  cephalopoda,  the  ammonites  and  belemnites, 
had  become  extinct, 

Stonesjield  slate. — The  slate  of  Stonesfield  has  been  shown  by  Mr. 
Lonsdale  to  lie  at  the  base  of  the  Great  Oohte.f     It  is  a  slightly 

*  Lycett,  Quart  Geol  Joura  vol.  iv.  p.  18S. 
f  Proceedings  Oeol.  Soc  vol.  L  p.  414. 
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oolitic  shelly  limestone,  fonniag  large  spheroidal 
Mod,  only  6  feet  thick,  but  very  rich  ia  organic  r 
some  pebbles  of  a  rock  very  similar  to  itself,  and  which  may  be  portions 
4^  the  deposit,  broken  up  on  a  shore  at  low  water  or  during  Btorins,  and 
ledepouted.  The  remains  of  belemnites,  trigonice,  and  otiier  marine 
shells,  with  fraginenta  of  wood,  are  common,  and  impressions  of  fums, 
cycadeie,  and  other  plants.  Several  insects,  nl^o,  and,  among  the  rest, 
j]^sei  the  wing-covera  of  beetles  are  perfectly  preserved  (see  fig. 
264),  some  of  them  approaching  nearly  to  (he  genus  Bupru- 
tit.*  The  remains,  also,  of  many  genera  of  reptiles,  such  as 
Plei(isaur,Cr<xoilile,  and  Plerodactyl,  have  been  discovered  in 
the  same  limestone. 

But  the  remarkable  fossils  for  which  the  Stonesfield  slate 
is  most  celebrated,  are  those  referred  to  the  mammiferous 
class.  Tlie  student  should  be  reminded  that  in  all  the  rocks 
described  in  tlie  preceding  chapters  as  older  tlian  the  Eocene, 
no  bones  of  any  land  quadruped,  or  uf  any  cetacean,  have 
been  discovered.  Yet  we  have  seen  tliat  terrestrial  plants 
rare  in  the  lower  cretaceous  formation,  and  that  in  the  Wealden 
iLere  was  evidence  of  freshwater  sediment  on  a  large  scale,  containing 
Tarious  plants,  and  even  ancient  vegetable  soils  witli  the  roots  and  erect 
stumps  of  trees.  We  had  also  in  the  same  Wealden  many  land-reptiles 
and  winged-insecla,  wliich  renders  the  absence  of  terrestrial  quadrupeds 
the  more  striking.  The  want,  however,  of  any  bones  of  whales,  seals, 
dolphins,  and  other  aquatic  mammalia,  whether  in  the  chalk  or  in  the 
upper  or  middle  oolite,  is  certainly  still  more  remarkable.  Formerly, 
indeed,  a  bone  from  the  great  oolite  of  Enstonc,  near  Woodstock,  in  Ox- 
fordshire, was  cited,  on  the  authority  of  Cuvier,  as  referable  to  tliia  class. 
Dr.  Buckland,  who  stated  this  in  his  Bridgewater  Treatise,!  ^^  t^o 
kindness  to  send  me  the  supposed  ulna  of  a  whale,  that  Mr.  Owen 
might  examine  into  its  claims  to  be  considered  us  ceL-iceous.     It  is  the 


Fig.  283. 
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*  See  Baclilaad'a  Bridgewnter  Treatise ;  aod  Brodie's  Fossil  loseots,  where  it 
to  (Dggeited  that  tbeie  elytra  may  b«lcaig  to  Priomia. 
f  Vol  L  p.  116. 
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opinion  of  thtX  eminent  oomparatire  soatomiBt  that  it  cannot  han 
belonged  to  the  cetacea,  because  the  fore-arm  in  these  marine  main m alia 
is  invariably  much  flatter,  and  devoid  of  all  muscular  depreniooa  and 
ridgea,  one  of  which  ia  so  prominent  in  the  middle  of  this  bone,  rep- 
resented in  the  above  cut  (fig.  285).  In  Bauriaus,  on  the  contrary',  sadi 
ridges  exist  for  the  attachment  of  muscles ;  and  to  some  animal  of  that 
claM  the  bone  is  probably  referable. 

These  observations  are  made  to  prepare  the  reader  to  appreciate  men 
justly  the  interest  felt  by  every  geologist  in  the  discovery  in  the  Stones- 
field  slate  of  no  less  than  seven  specimens  of  lower  jaws  of  mammiferons 
quadrupeds,  belonging  to  three  different  species  and  to  two  distinct 
genera,  for  which  the  names  of  Ampkitkerium  and  PhoKciolherium 
have  been  adopted.  When  Cuvier  was  first  shown  one  of  these  fossik 
in  IBIB,  he  pronaunced  it  to  belong  to  a  small  ferine  mammal,  with  a 
jaw  much  resembling  that  of  an  opossum,  but  differing  from  all  known 
ferine  genera,  in  the  great  number  of  the  molar  teeth,  of  which  it  had 
at  least  ten  in  a  row.  Since  that  period,  a  much  more  perfect  specimen 
of  the  same  fossil,  obtained  by  Dr.  Buckiand  (see  fig.  286),  has  been 
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examined  by  Mr.  Owen,  who  finds  tliat  the  jaw 
contained  on  the  whole  twelve  molar  teeth,  with 
the  socket  of  a  small  canine,  and  tlirce  small 
incisors,  which  are  in  »Hu,  altogether  amount- 

ing  to  sixteeen  leeth  on  each  side  of  the  low« 

jaw. 
Tlie  only  question  which  could  be  raised  respecting  tie  nature  of  these 
foMils  was,  whether  they  belonged  to  a  mammifer,  a  reptile,  or  a  fish. 
Now  on  this  head  the  osteologist  observes  that  each  of  the  seven  half 
jaws  is  composed  of  but  one  single  piece,  and  not  of  two  or  more  sepa- 
rate bones,  a>  in  fishes  and  most  reptiles,  or  of  two  bones,  united  by  a 
suture,  as  in  some  few  species  belonging  to  those  classes.  The  condyle, 
moreover  (6,  fig.  286),  or  articular  surface,  by  which  the  lower  jaw  unites 
with  the  upper,  is  convei  in  the  Stonesfield  specimens,  and  not  concave 
as  in  fishes  and  reptiles.  The  coronoid  process  (a,  fig.  286)  is  well  de- 
veloped, whereas  it  is  wanting  or  very  small,  in  the  inferior  classes  of  ver- 
tebrata.    Laatly,  the  molar  teeth  in  the  Amphilhtrium  and  Phaaeoto- 
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Afnwm  bare  complicated  crowns,  and  two  roots  (see  d,  fig.  286),  in- 
stead of  being  simple  and  with  single  (angs.* 

The  only  question,  therefore,  which  could  birly  admit  of  controTeraj 
was  limited  to  this  point,  whether  the  fossil  mammalia  found  in  the 
lower  oolite  of  Oxfordshire  ought  to  be  referred  to  the  marsupial  quad- 
mpeds,  or  to  the  ordinary  placental  series.  Cuvier  had  long  ago  pointed 
out  a  peculiarity  in  the  form  of  the  angular  process  (c,  figs.  201  and 
382)  of  the  lower  jaw,  as  a  character  of  the  genus  Didelpkyi  ;  and  Mr 
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Uw  v«TT  illkbt  InlUellon  of  tb*  uuri*  ftt  e. 
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Owen  has  since  established  its  generality  in  the  entire  mHraupial  series. 
In  all  these  pouched  quadrupeds,  this  procesa  is  turned  inwards,  as  at 
ed,  fig.  291,  in  the  Brazilian  opossum,  whereas  in  the  placental  series, 
as  at  c,  figs.  290  and  289,  there  is  an  almost  entire  absence  of  such  in- 
flection. The  Tupaia  Tana  of  Sumatra  has  been  selected  by  my  friend 
Mr.  Waterhouse,  for  this  illustration,  because  that  small  insect! tofobs 
quadruped  bears  a  great  resemblance  to  those  of  the  Stonesfield  AmpAi- 
Iherium.  By  clearing  away  the  matrix  from  tlie  specimen  of  ArnpU- 
Ihfrium  Prevottii  above  represented  (fig.  266),  Mr.  Owen  ascertained 
that  the  angular  process  (e)  bent  inwards  in  a  slighter  degree  than  in 
any  of  the  known  marsupialia ;  in  short,  tlie  inflection  does  not  exceed 
that  of  the  mole  or  hedgehog.  This  fact  turns  the  scale  in  favor  of  its 
affinities  to  the  placental  insectivora.  Nevertheless,  the  AmphitAerium 
offers  some  points  of  approximation  in  its  osteology  to  the  laaisupials, 
especially  to  the  Myrmeeobiui,  a  small  insectirorous  quadruped  of  Aus* 
tralia,  which  has  nine  molars  on  each  side  of  the  lower  jaw,  besides  a 
canine  and  three  iacisora.f 

*  I  hive  given  a  figure  in  the  Principle*  ot  Geology,  chap.  iz.  of  anotker  Stones- 
field  apecimeD  of  Amphitherium  Prevoilii,  in  which  tha  socksts  and  rtata  of  the 
teeth  are  Anel;  exposed. 

t  A  figure  of  tiu*  rsMBt  Mj/rvxaeoliitu  will  be  Irand  in  the  Prineiplii^  ibap.  it 
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Another  species  of  Ampkitherium  has  been  found  at  Stonesfield  (fig. 
287,  p.  268),  which  differs  from  the  former  (fig.  286)  prindpally  in 
being  larger. 

The  second  mammiferous  genus  discovered  in  the  same  slatei  mu 
named  originally  by  Mr.  Broderip  Didelphjs  Bucklandi  (see  fig.  SA^ 


PhMccMherium  BuddandL,  Owen. 
a.  Natonl  size.  h.  Molar  of  same  mugnUVwi 

and  has  since  been  called  Ffta^colotherium  by  Owen.  It  manifests  a 
much  stronger  likeness  to  the  marsupials  in  the  general  form  of  the  jaw, 
and  in  the  extent  and  position  of  its  inflected  angle,  while  the  agreement 
with  the  living  genus  Didelphys  in  the  number  of  the  premolar  and 
molar  teeth,  is  complete.* 

On  reviewing,  therefore,  the  whole  of  the  osteological  evidence,  it  will 
be  seen  that  we  have  every  reason  to  presume  that  the  Amphitkerium 
and  Phascolotherium  of  Stonesfield  represent  both  the  placental  and 
marsupial  classes  of  mammalia ;  and  if  so,  they  warn  us  in  a  most 
emphatic  manner,  not  to  found  rash  generalizations  respecting  the  non- 
existence of  certain  classes  of  animals  at  particular  periods  of  the  past,  on 
mere  negative  e\idence.  The  singular  accident  of  our  having  as  yet 
found  nothing  but  the  lower  jaws  of  seven  individuals,  and  no  other 
bones  of  their  skeletons,  is  alone  sufficient  to  demonstrate  the  fragment- 
ary manner  in  which  the  memorials  of  an  ancient  terrestrial  fauna  are 
handed  down  to  us.  We  can  scarcely  avoid  suspecting  that  the  two 
genera  above  describeil,  may  have  bonie  a  like  insignificant  proportion 
to  the  entire  assemblage  of  warm-blooded  quadinipeds  which  flourished 
in  the  islands  of  the  oolitic  sea. 

Mr.  Owen  has  remarked  that  as  the  marsupial  genera,  to  which  the 
Phascolothenum  is  most  nearlv  allied,  are  now  confine^l  to  New  Soutli 
Wales  and  Van  Diemau's  Land,  so  also  is  it  in  the  Australian  seas,  that 
we  find  the  Cestrachn,  a  cartilaginous  fish  which  has  a  bony  i>alate, 
allied  to  those  called  AcroJus  and  Psammodua  (see  figs.  307,  308,  p. 
275),  so  common  in  the  oolite  and  lias.  In  the  same  Australian  seas,  also, 
near  the  shore,  we  find  the  living  Triffonia,  a  genus  of  mollusca  so  fre- 
quently met  with  in  the  Stonesfield  slate.  So,  also,  the  Araucarian  pines 
are  now  abundant,  together  with  ferns,  in  Australia  and  its  islands,  as 
they  were  in  Europe  in  the  oolitic  perio<l.  Many  botanists  incline  to  the 
opinion,  tliat  the  Thuia,  Pine,  Cycas^  Zamia,  in  short,  all  the  gymno- 
gens,  belong  to  a  less  highly  developed  type  of  flowering  plants  than  do 
the  exogens ;  but  even  if  this  be  admitted,  no  naturalist  can  ascribe  a 
V)w  standard  of  organization  to  the  oolitic  flora,  since  we  meet  with  en- 

*  Owen*s  British  Fossil  Mammal  p.  62. 
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"»  "*■  dogens  oi  the  most  perfect  structure  in  oolitie 

rocks,  both  Above  and   below  tJie  SUitiesfield 

slate,  as,  for  enample,  the  Podocari/a  of  Buck- 
land,  a.  fruit  allied  to  tlie  Pmidunus,  found  in 
the  Inferior  Oolite  (see  %  294),  mid  the  Car- 
politkes  coniea  of  tJie  coriil  rag.     Tlie  Jixrtrine, 
therefore,  of  a  regular  series  of    progreasive 
development  at  successive  eras  in  the  nnimal 
Poitiaa  er  ■  feuii  tnitotj^    And  vegetable  kingdoms,  from  beings  of  it  more 
ii^^^rMx«^Tiai.  PI."m.J    simple  to  those  of  a  more  complex  organization, 
SjSi"  '*'"'*'  ^^"""'"■'^    receives  a  check,  if  not  a  refutation,  from  the  facta 
revealed  to  us  by  the  study  of  the  Lower  Oolites. 
The  Stonesfieid  slate,  in  its  range  from  Oxfordshire  to  the  northeast, 
is  represented  by  fl^gy  and  fissile  sandstones,  as  at  Collyweston    in 
Northamptonshire,  where,  according  to  the  researches  of  ^^e!!.srs.  Ibbet- 
son  and  Morris,  it  contains  many  shells  such  as  Trii/ouia  anyulata,  also 
found  at  Stonesfield.     But  the  Nortliainptonshire  stnita  of  this  a^  as- 
same  a  more  marine  character,  or  appear  at  least  to  have  been  formed  far- 
ther from  land.     They  inclose,  however,  some  fossil  ferns,  such  as  Pecop- 
teria  polypodioidea,  of  species  common  to  the  oolites  of  the  Yorkshire 
const,*  where  rocks  of  tliia  age  put  on  all  tlie  aspect  of  a  true  coal-field ; 
thin  seams  of  coal  having  actually  been  worked  in  them  for  more  than 
a  c«ntury. 

In  the  northwest  of  Yorkshire,  tlie  formation  alluded  to  consists  of  an 
upper  and  a  lower  corbonaceous  shale,  abounding  in  impressions  of 
plants,  divided  by  a  limestone  considered  by  many  geologists  as  the  rep- 
resentative of  the  Great  Oolite  ;  but  the  scarcity  of  marine  fossils  makes 
all  comparisons  with  the  subdivisions  adopted  in  the  south  extremely 
difficult  A  rich  harvest  of  fossil  ferns  has  been  obtained  from  the  upper 
carbonaceous  shales  and  sandstones  at  Gristhorpe,  near  Scarliorough  (see 
figs.  205,  20Q).  The  lower  shales  are  well  ex]>osed  in  the  sea-cliffs  at 
Whitby,  and  are  chiefly  characUrized  by  fenis  and  cycadeie.     They 
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contaiD,  also,  a  species  of  calamity,  and  a  fossil  called  Equitttum  eoium- 
mm,  which  maintaina  an  upright  position  in  sandstone  strata  over  t 
wide  ar«a.  Shells  of  the  genus  Cyprit  and  ^nt'o,  collected  by  Mr.  Beau 
from  these  Yorkshire  coal-bearing  beda,  point  to  the  estuary  or  flu\iatile 
origin  of  the  deposit. 

At  Brora,  iu  Sutheriandshire,  a  coal  formation,  probably  coeval  wilii 
the  above,  or  belonging  to  some  of  the  lower  diviaions  of  the  Oolitic 
period,  has  been  mined  extensively  for  a  century  or  more.  It  affords 
the  thickest  stratum  of  pure  ratable  matter  hiUierto  detected  in  ai^ 
ftecondary  rock  in  England.  One  seam  of  coal  of  good  quality  has  bem 
worked  3^  feet  thick,  and  there  ate  several  feet  more  of  pyritoua  coal 
resting  upon  it 

Inferior  Oolite. — Between  the  Great  and  Inferior  Oolite,  near  Bath, 
an  argillaceous  deposit  called  "  the  fuller's  earth,"  occurs,  but  is  wanting 
in  the  north  of  England.  The  Inferior  Oolite  is  a  calcareous  freestone, 
usually  of  small  thickness,  which  sometimes  reste  upon,  or  is  replaced 
by,  yellow  sands,  called  the  sands  of  the  Inferior  Oolite.  These  last,  in 
their  turn,  repose  upon  the  liaa  in  the  south  and  west  of  England. 

Among  the  characteristic  shells  of  the  Inferior  Oolite,  I  may  instance 
Terebralula  spinosa  (fig.  297),  and  Pholadomya  Jidicula  (fig.  298). 
The  extinct  genus  PUurotomaria  is  also  a  form  very  common  in  thit 
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division  as  well  as  in  the  Oolitic  system  generally.     It  resembles  the 
Tnxhiu  in  form,  but  is  marked  by  a  ungular  cleft  (a,  fig.  299)  on  the 
right  side  of  the  mouth. 
As  iUustratioiu  (^  shells  having  a  great  vertical  range,  I  may  allude 
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to  Trigonia  elavellata,  found  in  the  Upper  and  Inrerior  Oolite,  and  T. 
eoilala,  common  to  the  Upper,  Middle,  and  Lower  Oolite ;  also  Oatren 
Manhii  (fig.  300),  common  to  the  Cornbrash  of  Wills  and  the  Inferior 


OoUt«  of  Yorkshire;  and  AmnwnitM  tlriatalitt  (fig.  301)  c 
the  Inferior  OoHle  and  Lias. 

Such  facts  by  no  means  invalidate  the  general  rule,  that  certain  fossils 
are  good  chronological  testa  of  geological  periods ;  but  they  serve  to 
mution  us  against  attacliing  too  much  importance  to  single  species,  some 
of  vhich  may  have  a  wider,  others  a  more  confined  vertical  range.  We 
h»Te  before  seen  that,  in  the  successive  tertiary  formations,  there  are  spe- 
cies common  to  older  and  newer  groups,  yet  these  groups  are  distinguisb- 
aUe  from  one  another  by  a  comparison  of  the  whole  assemblage  of  foesil 
shells  proper  to  each. 
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Mineral  character  of  Liu — Ifinia  of  Ory pbite  limestiHie — Foagil  ibells  And  fiah — 
IchthyodoruUteo — Reptile*  of  the  Lisa — IchthjOBaur  and  Pleaiosaur — MariiK; 
Beptile  t>r  the  Oalapagoa  laUnda — Sudden  deatructioD  and  burial  of  fouii  aoi- 
mak  in  t  irn  Hiirir  mnrrnr  beds  in  Olouceatershire  and  insect  limeetone — 
Origin  ol  Ute  Oolite  and  Lias,  and  of  alternating  catcareoos  and  argillaceous 
fatBUtioM— Oolitic  ooal-field  of  Virginia,  in  tbe  United  States. 

£cML— The  ^glisb  provincia]  name  of  Lias  bas  been  very  generally 
adopted  (or  a  formation  of  ai^llaceous  limestone,  marl,  and  clay,  which 
forms  the  base  of  the  Oolite,  and  is  classed  by  many  geologists  as  part 
of  that  group.  They  pass,  indeed,  into  each  other  in  some  places,  as 
near  Bath,  a  sandy  marl  called  the  marlstone  of  the  Liaa  being  inter- 
posed, and  partaking  of  tbe  mineral  characters  of  the  upper  liaa  and  in- 
ferior oolite.  These  last-mentioned  divisions  have  also  some  fossils  in 
common,  such  as  tbe  Avieula  incequivalaU  (fig.  302).  Nevertheless  tbe 
I^as  may  be  traced  throughout  a  great  part  of  Europe  as  a  separate  and 
indep^tdent  group,  of  considerable  thickness,  varying  from  500  to  1000 
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feet,  contaisiDg  many  peculiar  fowik,  and  havii^  ■ 
very  uniform  lithological  aspect  Althoogli  nsullj 
conformable  to  the  oolite,  it  is  sometimtB,  as  in  iIm 
Jura,  uDcooformable.  In  the  environs  of  Lont-le- 
Saulnier,  for  instance,  in  the  department  of  Jura,  the 
strata  of  lias  are  incHned  at  an  angle  of  about  15  , 
while  the  incumbent  oolitic  maris  are  horizontal. 
Hie  peculiar  aspect  which  is  most  characteristic 
of  the  Lias  in  England,  France,  and  Germany,  is  an  alternation  of  ihin 
beds  of  blue  or  gray  limestone  with  a  surface  becoming  light-brown  when 
weathered,  these  beds  being  sepurated  by  dark-colored  narrow  argillace- 
ous partings,  so  that  the  quarries  of  this  rock,  at  a  distance,  assume  a 
striped  and  riband-like  appearance.* 

Although  the  prevailing  color  c^  the  limestone  of  this  formation  is 
blue,  yet  some  beds  of  tk 
lower  lias  are  of  a  yellowiili 
white  color,  and  have  been 
called  white  lias.  In  some 
parts  of  France,  near  the 
Vosgea  mountains,  and  in 
Luxenibouig,  M.  E.  de  Besn- 
mont  has  shown  that  the 
lias  containing  Orypkaa  or- 
euata,  Plngioaloma  ffipanti- 
um  (see  fig.  303),  and  other 
characteristic  fossils,  becomes 
arenaceous;  and  around  the 
Ilartz,  in  Westphalia  and  Ba- 
varia, tlie  inferior  )iarts  of  the 
li;is  are  sandy,  and  sonietinies  afford  a  building-stone. 

The  name  of  Oryphile  limestone  has  sometimes  been  applied  to  the 
lias,  ill  consequence  of  the  great  number  of  shells  which  it  contjtins  of  » 
ryiecies  of  oyster,  or  Gryphaa  (lig.  304,  see  also  fig.  30,  p.  20),     Maov 
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eephalopoda,  also,  such  as  Ammonite,  Belemnile,  and  Nautilus  (fig.  SOfi), 
prove  the  marine  origin  of  the  formation. 

•  CcD7k  and  Fha  Ik  aSl. 
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Hie  Ibwtl  fisli  resemble  generically  thoea  of  the  oolite,  beloagiDg  all, 
aeeording  to  M.  Agaaaiz,  to  extinct  genera,  and  differing  remarkably  from 
the  ichthyolites  of  the  Cretaceous  period.  Among  them  is  a  species  of 
Lepidoivt  (L.  ffigat,  Agas.)  (fig.  300),  which  ia  found  in  the  liaa  of 
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Engbind,  France,  and  Gennany.*  I  Ins  geuus  was  before  mentioneu 
(p.  220)  as  occurring  in  tlie  Woalden,  and  is  supposed  to  have  frequented 
both  rivera  and  coasta.  The  teeth  of  a  species  of  Aerodut,  also,  are  very 
abundant  in  the  lias  (fig.  307.) 


Aendtit  tUbUli, 


But  the  remmna  of  fish  which  have  excited  more  attention  than  any 
others,  are  those  large  bony  spines  called  icklhyodorulitet  (a,  fig.  308), 
which  were  once  supposed  by  Bome  naturalists  to  be  jaws,  and  by  others 


weapons,  resembling  those  of  the  living  Baliate»  and  Silurut ;  but  which 
M.  Agassiz  has  shown  to  be  neither  the  one  nor  the  other.  The  spines, 
in  the  genera  last  mentioned,  articulate  with  the  backbone,  whereas  there 
are  no  signs  of  any  such  articulaUon  in  the  ichthyodorulitee.     Heae  last 
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appear  to  have  been  bony  sjtinee  whicli  formed  the  anterior  put  of  (bt 
dot«al  Sn,  like  that  of  the  living  genera  Ceilraeion  and  Chimttra  (see  a, 
fig.  309).     In  both  of  these  genera,  the  posterior  concave  face  u  armed 


with  amall  fiplnes  like  that  of  the  fossil  Hyboditt  (tig.  308),  one  of  tlie 
shark  family  found  fossil  at  Lyme  Regis.  Such  spues  are  simply  im- 
bedded in  the  flesh,  and  attached  to  strong  muscles.  "They  serve,"  uye 
Dr.  Buckland,  "  as  in  the  ChimtEra  (fig.  309),  to  raise  and  depress  the 
fin,  their  action  resembling  that  of  a  movable  mast,  raising  and  lowering 
backwards  the  sail  of  a  barge."f 

Reptiles  of  Ike  Litu. — It  is  not,  however,  the  fossil  fish  which  (otm 
the  most  striking  feature  in  the  organic  remains  of  tlie  Lias ;  but  the 
reptiles,  which  are  extraordinary  for  their  number,  size,  and  structun. 
Among  the  most  singular  of  these  are  several  species  of  Icklht/otauna 
and  PleaiosauTua.  The  genua  Ickikyomurut,  or  fish-lizard,  is  not  con- 
fined to  this  fonnstion,  but  has  been  found  in  strata  as  high  as  the  chalk- 
marl  and  galtit  of  England,  and  as  low  as  the  muschelkalk  of  GermaiiT, 
a  formation  wliieh  immediately  succeeds  the  lias  in  the  descending 
order.J  It  is  evident  from  their  fish-like  vertebne,  their  paddlea,  re- 
sembling those  of  a  porpoise  or  whale,  the  length  of  their  fail,  and  other 
parts  of  their  structure,  that  the  liabits  of  the  Ichthyosaurs  were  aquatic. 
Their  jaws  and  teeth  show  that  they  were  carnivorous ;  and  the  half- 
digested  remains  of  fishes  and  reptiles,  found  within  their  skeletons,  in- 
dicate the  precise  nature  of  their  food.§ 

A  specimen  of  the  hinder  fin  or  paddle  of  Ickthyotaunu  eommvmt 
was  discovered  in  1840  at  Barrow-on-Soar,  by  Sir  P.  Egerton,  which 
distinctly  exhibits  on  its  posterior  margin  the  remains  of  cartilaginous 
rays  that  bifurcate  ns  they  approach  the  edge,  like  those  in  the  fin  of  a 
fish  {see  a,  fig.  312).  It  had  previously  been  supposed,  says  Mr.  Owen, 
that  the  locomotive  organs  of  the  Ichthyosaurus  were  enveloped,  while 
living,  in  a  smooth  integument,  like  that  of  the  turtle  and  porpoise, 
which  baa  no  other  support  than  is  afforded  by  the  bones  and  ligunents 
within ;  but  it  now  appears  that  the  fin  was  mu(^  larger,  expanding  ftr 

■  Agaistz,  Poiuou  Fa«Uea,  vol  iiL  tab.  C.  fig.  I. 
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b^<Hid  its  osseous  framework,  and  deviating  widely  in  its  fish-like  njs 
frma  the  ordinaiy  reptilian  type.  In  fig.  912,  the  posterior  bones,  or 
digital  oaucles  of  the  paddle,  are  seen  near  b  ;  and  beyond  these  is  the 
dark  carbonized  integument  of  the  terminal  half  of  the  fin,  the  outline 
of  which  is  beautifully  defined.*  Mr.  Owen  believes  that,  beeidea  the 
fi»e-padd]ee,  these  short  and  stiff-necked  saurians  were  furnished  with  a 
tail-fin  without  bonee  and  purely  tegumentary,  expanding  ia  a  vertical 
direction ;  an  organ  of  motion  which  enabled  them  to  turn  their  heads 
rapidly.f 

'  QeoL  Soo.  Proceeding  voL  iiL  p,  Ifil,  \BS9. 
f  QeoL  Tma.  Saeood  Series  ml  i   ■  ■"■ , 
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Mr.  Conybeare  ■was  enabled,  in  1824,  after  examining  many  skeletoiM 
nearly  perfect,  to  give  an  ideal  restoration  of  the  osteology  of  this  genu*, 
and  of  that  of  tbe  P/esiasaurus*  (See  figs.  310,311.)  The  latter  an- 
imal had  an  extremely  long  neck  and  Hmall  head,  with  teeth  like  tLoK 
of  the  crocodile,  and  paddles  analogous  to  those  of  the  Icktkyosauna, 
but  larger.  It  is  supposed  to  have  lived  in  shallow  seas  and  estuarin, 
and  to  have  breathed  air  like  the  Iclitliyosiiur,  and  our  modem  cetace^f 
Some  of  the  reptiles  above  mentioned  were  of  formidable  dimensiuna. 
One  specimen  oi Ichthjoaaurua  platt/odon,  from  the  lias  at  Lyme,  now  in 
the  British  Museum,  must  have  belonged  to  an  animal  more  than  21 
feet  in  length  ;  and  another  of  the  Plesioaaurui,  in  the  same  collectioD, 
is  11  feet  long.  The  form  of  the  Ichthyoaaurug  may  have  fitted  it  to 
cut  through  the  waves  like  the  ]>orpoise ;  but  it  is  sup[>osed  that  the 
Pktiosaurua,  at  least  tlie  long-necked  species  (fig.  311),  was  belter 
suited  to  fish  in  shallow  creeks  and  lays  defended  from  heavy  breakers. 

In  many  sperimens  both  of  Ichthyosaur  and  Plesiosaur  tlie  bones  of  the 
head,  neck,  and  tail  are  in  their  natural  position,  while  tliose  of  the  rest 
of  the  skeleton  are  detached  and  in  confiision.  Mr.  Stutchbutg  has 
suggested  that  their  bodies  after  death  became  inflated  with  gases,  and, 
while  the  abdominal  riscera  were  decomposing,  the  bones,  though  dis- 
united, were  retained  within  the  tough  dermal  covering  as  in  a  bag,  mitil 
the  whole,  becoming  water-logged,  sank  to  the  bottom.J  As  they  be- 
longed to  individuals  of  all  ages,  they  are  supposed,  by  Dr.  Buckland, 
to  have  experienced  a  violent  death ;  and  the  same  conclusion  might  also 
be  drawn  from  their  having  escaped  tlie  attacks  of  their  own  predacious 
race,  or  of  fishes,  found  fossil  in  the  same  beds. 

For  the  last  twenty  yeare,  anatomists  have  agreed  that  these  extinct 
9  must  have  inhabited  tlie  sea;  and  it  was  argued  that,  as  there 
n  chelonians,  like  the  tortoise,  living  in  fresh  wal«r,  and  otJiets, 


i  Quarterly  OeoL  Journal,  toL  iL  p.  411. 
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as  tlie  turtle,  frequenting  the  ocean,  so  there  may  have  been  formerly 
some  saurianit  proper  to  salt,  others  to  tresh  water.  The  common  croco- 
dile of  the  Ganges  b  well  known  to  frequent  equally  that  river  and  the 
brackish  and  salt  water  near  its  mouth  ;  and  crocodiles  are  said  in  lik« 
manniT  U>  be  abundant  both  in  the  rivers  of  the  Isla  de  Finos  (or  Isle  ot 
Pinee),  south  of  Cuba,  and  in  the  open  sea  round  the  eoasL  More  re- 
cently a  saurian  has  been  discovered  of  aquatic  habits  and  enclusivoly 
niHrine.  This  creature  was  found  in  the  Galapagos  Islands,  during  the 
visit  of  H,  M.  S,  Beagle  to  that  archipelago,  in  1835,  and  its  hiibils 
were  then  observed  by  Mr.  Darwin.  The  islands  alluded  to  are  situated 
under  the  equator,  nearly  fiOO  miles  to  the  westward  of  the  coast  of 
South  America.  They  are  volcanic,  some  of  them  being  3000  or  4000 
feet  high  ;  and  one  of  them,  Albemarle  Inland,  75  miles  long.  The 
climate  is  mild ;  very  little  rain  falls ;  and,  in  the  whole  archipelago, 
tliere  is  only  one  rill  of  fresh  water  that  reaches  the  coast.  The  soil  is 
for  the  most  part  dry  and  harsh,  and  the  vegetation  scanty.  The  birds, 
reptiles,  plants,  and  insects  are,  with  very  few  exceptions,  of  species 
found  nowhere  else  in  tlic  world,  although  all  pnrtake,  in  their  general 
foim,  of  a  South  American  type.  Of  the  mammalia,  says  Mr.  Darwin, 
one  species  alone  appears  to  be  indigenous,  namely,  a  large  and  peculiar 
kind  of  mouse  ;  but  the  nuintier  of  lizards,  tortoises,  and  snakes  is  so 
great,  that  it  may  be  called  a  land  of  reptiles.  The  variety,  indeed,  of 
species  is  small ;  but  the  individuals  of  each  are  in  wonderful  abundance. 
There  is  a  turtle,  a  large  tortoise  (TVsdirfo  Jnrfj'eus),  four  lizards,  and 
about  the  »ame  number  of  snakes,  but  no  frogs  or  toads.  Two  of  the 
lizards  belong  to  the  family  Iguantdm  of  Bell,  and  to  a  peculiar  genus 
(^Amhlyrkjpichus)  established  by  that  naturalist,  and  so  named  from 
their  obtusely  truncated  head  and  short  snont*  Of  tbese  lizards  one 
is  terrestrial  in  its  habits,  and  burrows  in  the  ground,  swarming  every- 
where on  the  land,  having  a  round  tail,  and  a  mouth  somewhat  resem- 
bling in  form  that  of  the  tortoise.  The  other  is  aquatic,  and  has  its  tail 
flattened  laterally  for  swimming  (see  fig.  313.)     "This  marine  saurian," 


.^MMfrAfnolw  srMofu,  BeE    L«deUi  nr^lng  from  a  to  4  IMt    Tta«  ailf  « 
a.  TiMtb,  nitnnl  ilu  ud  magnlflcd. 
*  A^(A>(,  ttmblyt,  blunt ;  and  ^^YXt,  rh/inehut,  bdouL 
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says  Mr.  Darwin,  ^  is  extremely  common  on  all  the  islands  thxongboiil 
the  archipelago.  It  lives  exclusively  on  the  rocky  sea-beaches,  and  I 
never  saw  one  even  ten  yards  inshore.  The  usual  length  is  about  i 
yard,  but  there  are  some  even  4  feet  long.  It  is  of  a  dirty  black  ccto, 
sluggish  in  its  movements  on  the  land ;  but,  when  in  the  water,  it  swinu 
with  perfect  ease  and  quickness  by  a  serpentine  movement  of  its  body 
and  flattened  tail,  the  legs  during  this  time  being  motionless,  and  doeely 
collapsed  on  its  sides.  Their  limbs  and  strong  claws  are  admirabtr 
adapted  for  crawling  over  the  rugged  and  fissured  masses  of  lava  whicb 
everywhere  form  the  coast.  In  such  situations,  a  group  of  six  or  seven 
of  these  hideous  reptiles  may  oftentimes  be  seen  on  the  black  rocks,  a 
few  feet  above  the  surf,  basking  in  the  sun  w^ith  outstretched  \e^ 
Their  stomachs,  on  being  opened,  were  found  to  be  largely  distended 
with  minced  sea-weed,  of  a  kind  which  grows  at  the  bottom  of  the  sea 
at  some  little  distance  from  the  coast  To  obtain  this,  the  lizards  go  out 
to  sea  in  shoals.  One  of  these  animals  was  sunk  in  salt-w^ater,  from 
the  ship,  with  a  heavy  weight  attached  to  it,  and  on  being  drawn  up 
again  after  an  hour  it  was  quite  active  and  unharmed.  It  is  not  yet 
known  by  the  inhabitants  where  this  animal  lays  its  eggs ;  a  sin- 
gular fact,  considering  its  abundance,  and  that  the  natives  are  well 
acquainted  with  the  eggs  of  the  terrestrial  Amblyrhynckus,  which  is  aba 
herbivorous.'-* 

In  those  deposits  now  forming  by  the  sediment  washed  away  from  the 
wasting  shores  of  the  Galapagos  Islands  the  remains  of  saurians,  both  of 
the  land  and  sea,  as  well  as  of  chelonians  and  fish,  may  be  mingled  with 
marine  shells,  without  any  bones  of  land  quadrupeds  or  batrachian  rqp- 
tiles ;  yet  even  here  we  should  expect  the  remains  of  marine  mammalia 
to  be  imbedded  in  the  new  strata,  for  there  are  seals,  besides  several 
kinds  of  cetacea,  on  the  Galapagian  shores ;  and,  in  this  respect,  the 
parallel  between  the  modern  fauna,  above  described,  and  tlie  ancient  one 
of  the  lias,  w^ould  not  hold  good. 

Sudden  destruction  of  saurians, — It  has  been  remarked,  and  truly, 
that  many  of  the  fish  and  saurians,  found  fossil  in  the  lias,  must  have 
met  with  sudden  death  and  immediate  burial ;  and  that  the  destructive 
operation,  whatever  may  have  been  its  nature,  was  oft^n  repeated. 

"  Sometimes,"  says  Dr.  Buckland,  "  scarcely  a  single  bone  or  scale  has 
been  removed  from  the  place  it  occupied  during  life ;  which  could  not 
have  happened  had  the  uncovered  bodies  of  these  saurians  been  left, 
even  for  a  few  hours,  exposed  to  putrefaction,  and  to  the  attacks  of  fishes, 
and  other  smaller  animals  at  the  bottom  of  the  sea."f  Not  only  are  the 
skeletons  of  the  Ichthyosaurs  entire,  but  sometimes  the  contents  of  their 
stomachs  still  remain  between  their  ribs,  as  before  remarked,  so  that  we 
can  discover  the  particular  species  of  fish  on  which  they  lived,  and 
the  form  of  their  excrements.  Not  unfrequently  there  are  layers  of 
these  coprolites,  at  different  depths  in  the  lias,  at  a  distance  from  any 

*  Darwin's  Joamal,  chap.  ziz.  f  Bridgew.  Treat  p.  125. 
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entire  skeletons  of  the  marine  lizards  from  which  they  were  derived  *^as 
i^**  says  Sir  H.  De  la  Beche,  "  the  muddy  bottom  of  the  sea  received 
snudl  sudden  accessions  of  matter  from  time  to  time,  covering  up  the 
ooprolites  and  other  exuviae  which  had  accumulated  during  the  inter- 
vals."* It  is  farther  stated  that,  at  Lyme  Regis,  those  surfaces  only  of 
the  ooprolites  which  lay  uppermost  at  tlie  bottom  of  the  sea  have  suf- 
fered partial  decay,  from  the  action  of  water  before  they  were  covered 
and  protected  by  the  muddy  sediment  that  has  afterwards  permanently 
enveloped  them.f 

Numerous  specimens  of  the  pen-and-ink  fish  (Sepia  loligOy  Lin. ;  Ixh 
ligo  vulgaris^  Lam.)  have  also  been  met  with  in  the  lias  at  Lyme,  with 
the  ink-bags  still  distended,  containing  the  ink  in  a  dried  state,  chiefly 
oom{>osed  of  carbon,  and  but  slightly  impregnated  with  carbonate  of 
lime.  These  cephalopoda,  therefore,  must,  like  the  saurians,  have  been 
soon  buried  in  sediment ;  for,  if  long  exposed  after  death,  the  membrane 
containing  the  ink  would  have  decayed.^ 

As  we  know  that  river  fish  are  sometimes  stifled,  even  in  their  own 
element,  by  muddy  water  during  floods,  it  cannot  be  doubted  that  the 
periodical  discharge  of  large  bodies  of  turbid  fresh  water  into  the  sea 
may  be  still  more  fatal  to  marine  tribes.  In  the  Principles  of  Geology 
I  have  shown  that  large  quantities  of  mud  and  drowned  animals  have 
been  swept  down  into  the  sea  by  rivers  during  earthquakes,  as  in  Java, 
in  1699 ;  and  that  undescribable  multitudes  of  dead  fishes  have  been 
seen  floating  on  the  sea  after  a  discharge  of  noxious  vapors  during  simi- 
lar convulsions.§  But,  in  the  intervals  between  such  catastrophes,  strata 
may  have  accumulated  slowly  in  the  sea  of  the  lias,  some  being  formed 
diiefly  of  one  description  of  shell,  such  as  ammonites,  others  of  gryphites. 

From  the  above  remarks  the  reader  will  infer  that  the  lias  is  for  the 
most  part  a  marine  deposit.  Some  members,  however,  of  the  series, 
especially  in  the  lowest  part  of  it,  have  an  estuary  character,  and  must 
have  been  formed  within  the  influence  of  rivers.  In  Gloucestershire, 
where  there  is  a  good  type  of  the  lias  of  the  West  of  England,  it  may 
be  divided  into  an  upper  mass  of  shale  with  a  base  of  marlstone,  and  a 
lower  series  of  shales  with  underlying  limestones  and  shales.  We  learn 
from  the  researches  of  the  Rev.  P.  B.  Brodie,|  that  in  the  superior  of 
these  two  divisions  numerous  remains  of  insects  and  plants  have  been 
detected  in  several  places,  mingled  with  marine  shells  ;  but  in  the  infe- 
rior division  similar  fossils  are  still  more  plentiful.  One  band,  rarely 
exceeding  a  foot  in  thickness,  has  been  named  the  "  insect  limestone."  It 
passes  upwards  into  a  shale  containing  Cypria  and  Estkeria^  and  is 
charged  with  the  wing-cases  of  several  genera  of  coleoptera,  and  with 
some  nearly  entire  beetles,  of  which  the  eyes  are  preserved.  The  ner- 
VTires  of  the  wings  of  neuropterous  insects  (fig.  314)  are  beautifully  per- 

*  Qeological  Researches,  p.  884. 

f  Buckland,  Bridgew.  Treat,  p.  807.  %  Ibid. 

g  See  Principles,  Index,  Lancerote,  Graham  Island,  Calabria. 

I  A  history  of  Fosail  Insecta,  &c  1846.    Loodoo. 
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FUf.814.  feet  in  this  bed.     Ferns,  with  leaves  of 

monocotyledonous  plants,  and  freshwattt 
shells,  such  as  Cyclas  and  Unio^  aooompany 
the  insects  in  some  places,  while  in  othen 
marine  shells  predominate,  the  fossils  vaiy- 
ing  apparently  as  we  examine  the  bed  neanr 
or  farther  from  the  ancient  land,  or  the  source 
whence  tlio  freshwater  was  derived.  There  are  two,  or  even  three,  bands 
of  "  insect  limestone''  in  several  sections,  and  they  have  been  ascertained 
by  Mr.  lirodie  to  retain  the  same  lithological  and  zoological  characten 
when  traced  from  the  centre  of  Warwickshire  to  the  borders  of  the 
soutlieru  part  of  Wales.  After  studying  300  specimens  of  tliese  insects 
from  the  lias,  Mr.  W^estwood  declares  tliat  they  comprise  both  wood- 
eating  and  herlMlevouring  beetles  of  the  Linnean  genera  Elater^  Caror 
bus^  Ac,  besides  grasshoppers  (Gn/llas),  and  detached  wings  of  dragon- 
flies  and  niav-flies,  or  insects  referable  to  the  Linnean  geneni  Libelluloj 
Ephemera,  Jfcmcrohius,  and  Panorpa,  in  all  belonging  to  no  leas  thin 
twenty-four  families.  The  size  of  the  species  is  usually  small,  and  such 
as  taken  alone  would  imply  a  temperate  climate ;  but  many  of  the  as- 
sociate<l  oriranic  remains  of  other  classes  must  lead  to  a  different  condiH 
•ion. 

Fostfil  plants. — Among  the  vegetable  remains  of  the  Lias,  several 
species  of  Zamia  have  been  found  at  Lyme  Kegis,  and  the  remains  oi 

coniferous  plants  at  Whitby.     Fragments  of 
^'s-  ^^^-  wood  are  common,  and  often  converted  into 

limestone.  That  some  of  this  wood,  thou^ 
now  petrified,  was  soft  when  it  first  lay  at 
the  lx)ttom  of  the  sea,  is  shown  by  a  speci- 
men now  in  the  museum  of  the  Geological 
Society  (see  fig.  315),  which  has  the  form 
of  an  ammonite  indented  on  its  surface. 
M.  Ad.  Unmuniart  enumerates  forty-seven  liassic  acrogens,  most  of 
them  ferns ;  and  fifty  gynmogens,  of  which  thirty-nine  are  cycads,  and 
eleven  conifers.  Among  the  cycads  the  predominance  of  Zamitts  and 
N'daonia^  and  among  the  ferns  the  numerous  genera  with  leaves  having 
reticulateil  veins  (as  in  ^cr,  296,  p.  272),  are  mentioned  as  botanical 
characteristics  of  this  era.* 

Or'ujin  of  the  Oolite  and  Lias. — If  we  now  endeavor  to  restore,  in 
imagination,  tlio  ancient  condition  of  the  European  era  at  the  period  of 
the  Oolite)  and  Liiis,  we  must  conceive  a  sea  in  which  the  growth  of 
coral  reefs  and  shelly  limestones,  after  proceeding  without  interruption 
for  ages,  was  liable  to  be  stopped  suddenly  by  the  deposition  of  clayey 
sediment.  Then,  again,  the  argillaceous  matter,  devoid  of  corals,  was 
deposited  for  ages,  and  attained  a  thickness  of  hundreds  of  feet,  until 
another  period  arrived  when  the  same  space  was  again  occupied  by  cal- 


*  TaUeaa  dei  Yeg.  Fob.  1849,  p^  105. 
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Oftreons  sand,  or  solid  rocks  of  shell  and  coral,  to  be  again  succeeded  by 
the  recurrence  of  another  period  of  argillaceous  deposition.  Mr.  Cony- 
beare  has  remarked  of  the  entire  group  of  Oolite  and  Liius,  that  it  consists 
of  repeated  alternations  of  clay,  sandstone,  and  limestone,  following  each 
other  in  the  same  order.  Thus  the  clays  of  the  lias  are  followed  by  the 
sands  of  the  inferior  oolite,  and  these  again  by  shelly  and  coralline  lime- 
isUme  (Bath  oolite,  <fec.)  ;  so,  in  the  middle  oolite,  the  Oxford  clay  is  fol- 
lowed by  calcareous  grit  and  "  coral  rag ;"  lastly,  in  the  upper  oolite,  the 
Kimmeridge  clay  is  followed  by  the  Portland  sand  and  limestone.*  The 
day  beds,  however,  as  Sir  11.  De  la  Beche  remarks,  can  be  followed 
over  larger  areas  than  the  sands  or  sandstoues.f  It  should  also  be  re- 
membered that  while  the  oolitic  svstem  becomes  arenaceous,  and  resem- 
Wes  a  coal-field  in  Yorkshire,  it  assumes,  in  the  Alps,  an  almost  purely 
calcareous  form,  the  sands  and  clays  being  omitted ;  and  even  in  the 
intervening  tracts,  it  is  more  complicated  and  variable  than  appears  in 
ordinary  descriptions.  Nevertheless,  some  of  the  clays  and  intervening 
limestones  do,  in  reality,  retain  a  pretty  uniform  character,  for  distances 
of  from  400  to  600  miles  from  east  to  west  and  north  to  south. 

According  to  M.  Thirria,  the  entire  oolitic  group  in  the  department  of 
the  Haute  Sa6ne,  in  France,  may  be  equal  in  thickness  to  that  of  Eng- 
land ;  but  the  importance  of  the  argillaceous  divisions  is  in  the  inverse 
ratio  to  that  which  they  exhibit  in  England,  where  they  are  about  equal 
to  twice  the  thickness  of  the  limestones,  whereas,  in  the  part  of  France 
alluded  to,  they  reach  only  about  a  third  of  that  thickness.J  In  the 
Jura  the  clays  are  still  thinner ;  and  in  the  Alps  they  thin  out  and 
almost  vanish. 

In  order  to  account  for  such  a  succession  of  events,  we  may  imagine, 
first,  the  bed  of  the  ocean  to  be  the  receptacle  for  ages  of  fine  argilla- 
ceous sediment,  brought  by  oceanic  currents,  which  may  have  communi- 
cated with  rivers,  or  with  part  of  the  sea  near  a  wasting  coast.  This 
mud  ceases,  at  length,  to  be  conveyed  to  the  same  region,  either  because 
the  land  which  had  previously  suffered  denudation  is  depressed  and  sub- 
merged, or  because  the  current  is  deflected  in  another  direction  by  the 
altered  shape  of  the  bed  of  tlie  ocean  and  neighboring  dry  land.  By 
such  changes  the  water  becomes  once  more  clear  and  fit  for  the  growth 
of  stony  zoophytes.  Calcareous  sand  is  then  formed  from  comminuted 
shell  and  coral,  or,  in  some  cases,  arenaceous  matter  replaces  tlie  clay  ; 
because  it  commonly  happens  that  the  finer  sediment,  being  first  drifted 
farthest  from  coasts,  is  subsequently  overspread  by  coarse  sand,  after  the 
sea  has  grown  shallower,  or  when  the  land,  increasing  in  extent,  whether 
by  upheaval  or  by  sediment  filling  up  parts  of  the  sea,  has  approached 
nearer  to  the  spots  first  occupied  by  fine  mud. 

In  order  to  account  for  another  great  formation,  like  the  Oxford  clay, 
again  covering  one  of  coral  limestone,  we  must  suppose  a  sinking  down 

*  Cod.  and  PhiL  p.  166.  f  Geol.  Researches,  p.  887. 

X  Borat's  D'Aubuiason,  torn.  ii.  p.  456. 
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like  that  which  is  now  taking  place  in  some  existing  regions  of  oonl 
between  Australia  and  South  America.  The  occurrence  of  subsidenoa, 
on  so  vast  a  scale,  may  have  caused  the  bed  of  the  ocean  and  the  adjoin- 
ing land,  throughout  great  parts  of  the  European  area,  to  assume  a 
shape  favorable  to  the  deposition  of  another  set  of  clayey  strata ;  and 
this  change  may  have  been  succeeded  by  a  series  of  events  analogous  to 
that  already  explained,  and  these  again  by  a  third  series  in  similar  order. 
Both  the  ascending  and  descending  movements  may  have  been  extremely 
slow,  like  those  now  going  on  in  the  Pacific ;  and  the  growth  of  eveiy 
stratum  of  coral,  a  few  feet  of  thickness,  may  have  required  centuries 
for  its  completion,  during  which  certain  species  of  organic  beings  disap- 
peared from  the  eartli,  and  others  were  introduced  in  tlieir  place ;  so  that, 
in  each  set  of  strata,  from  the  Upper  Oolite  to  the  Lias,  some  peculiar 
and  characteristic  fossils  were  imbedded. 


Oolite  and  Lias  of  the  United  States. 

There  are  large  tracts  on  the  globe,  as  in  Russia  and  the  United  States, 
where  all  the  members  of  the  oolitic  series  are  unrepresented.  In  the 
state  of  Virginia,  however,  at  the  distance  of  about  13  miles  eastward 
of  Richmond,  the  capital  of  that  state,  there  is  a  regular  coal-field  oc- 
curring in  a  depression  of  the  granite  rocks  (see  section,  fig.  316),  which 

Fig.  81A. 
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Section  showing  the  geological  position  of  the  JameB  Birer,  or  East  Virginian  CoaI>fleId. 


A.  Granite,  gneisa,  itc, 
C  Tertiary  strata. 


B.  Coal-measnree. 

D.  Drift  or  ancient  aUuvium. 


Professor  W.  B.  Rogers  first  correctly  referred  to  the  age  of  the  lo\ier 
part  of  the  Jurassic  group.  This  opinion  I  was  enabled  to  confirm  after 
collecting  a  large  number  of  fossil  plants,  fish,  and  shells,  and  examining 
the  coal-field  throughout  its  whole  area.  It  extends  26  miles  from  north 
to  south,  and  from  4  to  12,  from  east  to  west.  The  plants  consist  chiefiv 
of  zamites,  calamites,  and  equisetums,  and  these  last  are  very  commonly 
met  with  in  a  vertical  position  more  or  less  compressed  perpendicularly. 
It  is  clear  that  they  grew  in  tlie  places  where  they  now  lie  buried  in 
strata  of  hardened  sand  and  mud.  I  found  them  maintaining  their  erect 
attitude,  at  points  many  miles  distant  from  others,  in  beds  both  above 
and  between  the  seams  of  coal.  In  order  to  explain  this  feet  we  must 
suppose  such  shales  and  sandstones  to  have  been  gradually  accumidated 
during  the  slow  and  repeated  subsidence  of  the  whole  region. 

It  is  worthy  of  remark  that  the  Equisetum  columnare  of  these  Vir- 
ginian rocks  appears  to  be  undistinguishable  from  the  species  found  in 
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the  oolitic  sandstonM  near  Whitby  in  Yorkshire,  nhere  it  also  is  met 
with  in  an  upright  position.  One  of  the  American  ferns,  Pect^lerig 
Whitbyfnsit,  ta  aiso  a  species  common  to  the  Yorkshire  oolites.*  These 
Virginian  coal-measures  are  composed  of  grits,  aandstones,  and  shales, 
exactly  resembling  those  of  older  or  primary  date  in  America  and  Eu- 
rope, and  they  rival  or  even  surpass  the  latter  in  the  richness  and  thick- 
ness of  the  seams.  One  of  these,  the  main  seam,  is  in  some  places  from 
30  to  40  feet  thick,  composed  of  pure  bituminous  eoal.  On  descending 
a  ahafl  800  feet  deep,  in  the  Blackheath  mines  in  Chesterfield  county,  I 
foand  myself  in  a  chamber  more  than  40  feet  high,  caused  by  the  re- 
moral  of  this  coal.  Timber  props  of  great  strength  supported  the  roof, 
bat  they  were  seen  to  bend  under  the  incumbent  weight.  The  coal  is 
fike  the  finest  kinds  shipped  at  Newcastle,  and  when  analyzed  yields  the 
same  proportions  of  carbon  and  hydrogen,  a  fact  worthy  of  notice  when 
we  consider  that  this  fuel  has  been  derived  from  an  assemblage  of  plants 
rery  distinct  specifically,  and  in  part  geaerically,  from  lliose  which  hare 
contributed  to  the  formation  of  the  andent  or  paleozoic  coal. 

The  fossil  fish  of  these  Richmond  strata  belong  to  the  liaasic  genus 
Tetragofwltpii,  and  to  a  new  genus  which  I  have  called  Dictj/opyge. 
Bhells  are  very  rare,  as  usually  in  all  coal-bearing  deposits,  but  a  spedea 
of  Potidonomya  is  in  such  profusion  in  some  shaley  beds  as  to  diride 
them  like  the  plates  of  mica  in  micaceous  shales  (see  fig.  317). 


In  India,  espedally  in  Cutch,  a  formation  occurs  clearly  referable  to 
the  oolitic  and  liassic  type,  as  shown  by  the  shells,  corals,  and  plants; 
and  there  ^so  coal  has  been  procured  from  one  member  of  the  group. 

*  See  dMcriptkn  of  the  coal-field  by  the  aotbor,  and  the  plants  bf  0.  J,  F. 
Bonbary,  Etq.,  Qoart  QeoL  Joura.  voL  iiL  p  281. 
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CHAPTER  XXn. 


TRIAS    OR   NEW   RED    SANDSTONE    GROUP. 

Distinction  between  New  and  Old  Red  Sandstone — Between  Upper  and  Lover 
New  Red — The  Trias  and  its  three  divisions — ^Most  largely  developed  in  Ger- 
many— Keuper  and  its  fossils — Muschelkalk — Fossil  plants  of  Bunter — ^Triame 
group  in  England — Bone  bed  of  Azmouth  and  Aust — Red  Sandstone  of  War 
wickshire  and  Clieshire — Footsteps  of  Chiroth^um  in  England  and  GenDanj 
— Osteology  of  the  Labyrinthodon — Identification  of  this  Batrachian  with  th« 
Chirotheriuin — Origin  of  Red  Sandstone  and  rock-salt — Hypothesis  of  saline 
volcanic  exhalations — ^Theory  of  the  precipitation  of  salt  from  inland  lakes  or 
lagoons — SaltncM  of  the  Red  Sea — New  Red  Sandstone  in  the  United  States- 
Fossil  footprints  of  birds  and  reptiles  in  the  Valley  of  the  Connecticut — ^An- 
tiquity of  the  Red  Sandstone  containing  them 

Between  tlie  Lias  and  the  Coal,  or  Carboniferous  group,  there  is  in- 
terposed, in  the  midland  and  western  counties  of  England,  a  great  serie* 
of  red  loams,  shales,  and  sandstones,  to  which  the  name  of  the  New 
Red  Sandstone  formation  was  first  given,  to  distinguish  it  from  other 
shales  and  sandstones  called  the  ''  Old  Red"  (r,  fig,  318),  often  identical 
in  mineral  character,  which  lie  immediately  beneatli  the  coal  (h). 


Fig.  81& 


a.  New  red  sandstone. 


h.  Coal. 


o.  Old  red. 


The  name  of  "  Red  Marl"  has  l>een  incorrectly  applied  to  the  red  claji 
of  this  formation,  as  before  explained  (p.  13),  for  they  are  remarkaljlj' 
free  from  calcareous  matter.  The  absence,  indeed,  of  carlK)nato  of  lime, 
as  well  as  the  scarcity  of  organic  remains,  together  with  tin*  bright  red 
color  of  most  of  the  rocks  of  this  group,  causes  a  strong  contnuit  between 
it  and  the  Jurassic  formations  before  described. 

Before  the  distinctness  of  the  fossil  remains  characterizing  the  upper 
and  lower  part  of  the  English  New  Red  had  been  clearly  recognized,  it 
was  found  convenient  to  have  a  common  name  for  all  the  strata  inter- 
mediate in  position  between  the  Lias  and  Coal ;  and  the  term  "  Poi- 
kilitic"  was  proposed  by  Messrs.  Conybeare  and  Buckland,*  from  -roixiXo^, 
variegated^  some  of  the  most  characteristic  strata  of  this  group  having 
been  called  variegated  by  Werner,  from  their  exhibiting  spots  and  streaks 
of  light  blue,  green,  and  buff  color,  in  a  red  base. 

J 
•  Backland,  Bridg.  Treat  voL  il  ^ 
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A  MDgle  tenn,  thia  comprehending  both  Upper  and  Lower  New  Red, 
or  tbe  Triaauc  and  Permian  groupB  of  modem  clamfications,  may  Blill 
be  useful  in  describing  districts  wliere  we  have  to  speak  of  niHsses  of  red 
sandstone  and  shale,  referable,  in  part,  to  both  these  eras,  but  wUicb,  in 
the  absence  of  fossils,  it  is  impossible  to  divide. 

Trias  or  JJpptr  New  lUd  SandaUmt  Group. 
The  accompanying  table  will  explniu  the  subdivisions  generally  adopted 
for  the  uppermost  of  the  two  sy&lems  above  alluded  to,  and  the  najnes 
given  to  tliem  in  England  and  on  tiie  Continent 

SynoBfDii, 


Trias  or  Upper 
New  Red  ' 
Sandsione  - 


a.  SaliferoQS  and   gyp-  ) 

leoiu    «hal(.'>    and  >  Keeper  - 

Wuidntotie       '         - ) 

b.  (wantinf;  in  Englonil)     Munclielkallc 
c  Sandstone  nnil  quart-  )  Buater-eand- 

loee  longlomerate    J      Bl«in  - 


(  Muschelknlk.  no  ea 
\  cuire  coquiUier. 
>  Ort«  bigarni. 


I  shall  first  describe  this  group  as  it  occnrs  in  Southwestern  and 
Nortliweslern  Germany,  for  it  is  far  more  fiilly  develnped  there  than 
in  England  or  Franco.  It  Iiiis  been  called  the  Trias  by  (Icrniitn  writers, 
or  the  Triple  Group,  betaum^  it  is  separable  into  tlirce  distinct  formations, 
called  the  "  Keuper,"  the  "  Miutchelkatk,"  and  tlie  "  Ituntcr-saiidsluin." 

The  Keuper,  the  first  or  newwt  of  these,  is  1000  fL-ct  thick  in  WUr- 
temberg,  and  is  divided  by  Alberti  into  sandstone,  gypsum,  and  carbona- 
ceous   slate-clay.*     Keiniiins    of    Reptiles, 
^**'*'  called  Nolhoiaurut  and  Phi/losaurui,  have 

jHi^ffl^  /TTPtO..         been  found  in  it  with  Lxhi/rinlhodon ;  the 
i^IHHBV  WMIiIIIiIK      'letached  teeth,  also,  of  placoid  fi^'li  and  of 
^^^■^^tt  luHUllll      ^'^y^  ^''^^  of  the  genera  Saarirlhija  and  Oy- 
'BHiitaW    fiBsffia     ^^'P^*  i^^  ^^^'  ^~^'  V-  -3^)'    "^^^  pionta 
jp.   ';■    -'J'  )  I'nljl'y     of  the  Keuper  are  genericjdlyven- analogous 
'  "-^./HjS     t"  those  of  the  lias  and  oolite,  consisting  of 
ferns,  c<)uisctaceous  plants,  eycads,  and  coni- 
EqHitrtum  c™^rf.)   F««-     fers,  with  a  few  doubtful  nionocolj-Iedons.  A 
Sf^''/,Jil^lriSi  'KeijE?"'""     fe""  spwies,  such  as  Eqitrntiles  columnarit, 
are  common  to  this  group,  and  ihe  oolite. 
The  Maschelkalk  consists  chiefly  of  a  compact,  grayish  limestone,  but 
includes  Iieds  of  dolomite  in  many  places,  together  with  gjpsura  and 
rock-salt     Tliis  limestone,  a  nwk  wholly  unrepresented   in   England, 
abounds  in  fossil  shells,  or,  the  name  implies.     Among  the  cephalopoda 
there  are  no  belemnites,  and  no  ammonites  with  foliated  sutures,  as  in 
the  incumbent  lias  and  oolite,  but  a  genua  allied  to  tlie  Ammonite,  called 
CeratUe  by  De  Haan,  in  which  the  descending  lobes  (sec  a,  ft,  c,  fig.  820) 
terminate  in  a  few  small  denticulations  pointing  inwards.     Among  the 
Momg.  del  Bnnten  Sanditeini. 


TBS  BDlITER-'SAin)BTSIN. 
a  FIc-SSO.  b 


CtratUa  nodoatu.    HuMlitlt 
a.  Sid*  view,  b.  Front  yiim. 

c  Finliiif  denticulated  ouIIId*  of  the  aepu  dWidIng  lb«  chunben. 

bivalre  ahcllH,  tlie  Posidonia  minuta,  Goldt  {^Potidoaomya  miiuibi, 
Bronn)  (see  fig.  321),  is  abundant,  rangiDg  through  the  Keuper,  Mnsdlid- 
kalk,  and  Buntei^sandsteiu ;  and  Avicala  toeialit,  fig.  322,  Laving  & 
Bimilar  range,  is  very  characteriBtic  of  the  Muschelkalk  in  Gemuutj, 
France,  and  Poland. 


yif.TOi. 


jig.gn. 


Ftg.na, 


The  abundance  of  the  heads  and  stems  of  lily  encrinites,  Urteriiau 
lilii/ormis  (or  EncriniUt  numiliformis),  show  the  slow  manner  in  whidi 
some  beds  of  tiiis  limestone  have  been  formed  in  clear  sea-trater. 

The  BunUr-tandulein  consists  of  varioos  colored  sandstones,  dolomites, 
and  red-clnys,  with  some  beds,  especially  in  tLe  Hartz,  of  caldtreou 
pisotit«  or  roe^tone,  the  whole  sometimes  attaining  a  thickness  of  ratm 
than  1000  feet  The  sandstone  of  tfa« 
Vosges,  according  to  Von  Mever,  is  proved, 
by  the  presence  of  Labyrinthodon,  to  be- 
long to  this  lowest  member  of  tbe  Triasnc 
group.  At  Snlzbad  (or  Soultz-Ies-bains), 
near  Strazburg,  on  the  tianks  of  the  Vos- 
ges, many  plaols  have  been  obtained  (rom 
the  "  bunter,"  especially  conifers  of  the 
extinct  genus  Voltzia,  peculiar  to  this  pe- 
riod, in  which  even  the  fiiictiticatioii  hM 
been  preserved.     (See  fig.  323.) 

Out  of  thirty  species  of  fema,  c^cads, 
conifers,  and  other  plants,  enumerated  by 
M.  Ad.  Brongniart,  in  1848,  as  coming  from  the  "gres  bigan^,"  or 
Bunt«r,  not  one  is  common  to  the  Keuper.* 

•  Tsblean  dcs  0«nm  d«  Veg.  FM.  Diet  Uiuv.  1H9. 
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The  footprints  of  a  reptile  {Lahyrinihodon)  have  been  observed  on 
the  clays  of  this  member  of  the  Tnas,  near  Hildburghausen,  in  Saxony, 
impressed  on  the  upper  sur&ce  of  the  beds,  and  standing  out  as  casts  in 
relief  from  Uie  ui\^er  sides  of  incumbent  slabs  of  sandstone.  To  these 
I  shall  again  allude  in  the  sequel ;  they  attest,  as  well  as  the  accompa- 
nying ripple-marks,  and  the  cracks  which  traverse  the  clays,  the  gradual 
formation  in  shallow  water,  and  sometimes  between  high  and  low  water, 
of  the  beds  of  this  formation. 

Triassic  group  in  Englnnd, 

In  England  the  Lias  is  succeeded  by  conformable  strata  of  red  and 
green  marl,  or  clay.  There  intervenes,  however,  both  in  the  neighbor- 
hood of  Axmouth,  in  Devonshire,  and  in  the  cliffs  of  Westbury  and 
Anst,  in  Gloucestershire,  on  the  banks  of  the  Severn,  a  dark-colored 
stratum,  well  known  by  the  name  of  the  "  bone-bed."  It  abounds  in 
the  remains  of  saurians  and  fish,  and  was  formerly  classed  as  the  lowest 
bed  of  the  Lias ;  but  Sir  P.  Egerton  has  shown  that  it  should  be  re- 
ferred to  the  Upper  New  Red  Sandstone,  for  it  contains  an  assemblage 
of  fossil  fish  which  are  either  peculiar  to  this  stratum,  or  belong  to 
species  well  known  in  the  Muschelkalk  of  Germany.  These  fish  belong 
to  the  genera  Acrodus,  Ilgbodus,  Gyrolepis^  and  Saurichthys, 

Among  those  common  to  tlie  English  bone-bed  and  the  Muschelkalk 
of  Germany  are  Hyhodus  plicatilis  (fig.  324),  Saurichthys  apicalis  (fig. 
325),  Gyrolepis  tenuistriatus  (fig.  326),  and  G.  Albertii,  Remains  of 
samians  have  also  been  found  in  the  bone-bed,  and  plates  of  an  JSncrinus. 


Fig.  825. 


Fig.  828. 


Fig.  821 


JIpbodM  plicatUU    Teeth.    Bone-bed. 
Aust  and  Axmoatb. 


Saurichthys  apicalU,    GyrolepUtenuUtriatut. 
Tooth;  nat size, and       Scale;    nat  size,   and 
magnified.    Axmouth.    magnified.    Axmouth. 


The  strata  of  red  and  green  marl,  which  follow  tlie  bone-bed  in  the 
descending  order  at  Axmouth  and  Aust,  are  destitute  of  organic  remains ; 
as  is  tlie  case,  for  the  most  part,  in  the  corresponding  beds  in  almost 
every  part  of  England.  But  fossils  have  lately  been  found  at  a  few 
localities  in  sandstones  of  this  formation,  in  Worcestershire  and  War- 
wickshire, and  among  them  the  bivalve  shell  called  Posidonia  minuta, 
Goldf.,  before  mentioned  (fig.  321,  p.  288). 

The  upper  member  of  the  English  "  New  Red"  containing  this  shell, 
in  those  parts  of  England,  is,  according  to  Messrs.  Murchison  and. 

19 
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Strickland,  600  feet  thick,  and  consists  chieBj  of  red  miai  or  ilite, 
with  a  band  of  sandstone.  Spiues  of  Ilt/bodut,  called  ichlhyodoruUbt, 
t«eth  of  fishes,  and  footprints  of  reptilee,  with  remaiiis  of  a  unrUn 
called  Rht/ncomartu,  were  observed  by  the  same  geologists  in  thaw 

In  Cheshire  and  Lancashire  the  gypseous  and  saliferous  red  shiln 
and  loanis  of  the  Trias  are  between  1000  and  1500  feet  thick.  In  some 
places  lenticular  masses  of  rock-salt  are  interpolal«d  between  the  argU- 
laceous  l>edx,  the  origin  of  which  will  be  spoken  of  in  the  sequel. 

The  litwcr  division  or  English  representative  of  the  "  Bunter^  atuiu 
a  thickness  of  600  feet  in  the  counties  last  mentioned.  Besides  red  and 
green  shales  and  red  sandstones,  it  comprises  much  soft  white  quartzoM 
sandstone,  in  which  the  trunks  of  silictGed  trees  have  been  met  with  ai 
Alleaiey  Hill,  near  Coventry.  Several  of  them  were  a  foot  itnd  a  half  in 
diameter,  and  some  yards  in  length,  decidedly  of  coniferous  wood,  and 
showing  rings  of  annual  growth.f  Impressions,  also,  of  the  footsteps  « 
animals  have  been  detected  in  Lancashire  and  Cheshire  io  this  forma 
tion.  Some  of  the  most  remakable  occur  a  few  miles  from  Liverpool, 
in  the  whitish  quartzose  sandstone  of  Storton  Hill,  on  the  wcat  side  of 
the  Mersey.  Tliey  bear  a  close  resemblance  to  tracks  first  observed  in  ■ 
member  of  the  Upper  New  Red  Sandstone,  at  the  village  of  Heasebeig, 
near  Hildburghausen,  in  Saxony,  to  wbidi  I 
_^,^  have  already  alluded.     For  many  years  ihete 

footprints  have  been  referred  to  a  large  un- 
known quadrupeil,  provisionally  named  Ckiro- 
therium  by  Professor  Kaup,  because  the  mark) 
both  of  the  fore  and  hind  feet  resembled  im- 
pressions made  by  a  human  hand.  (See  %. 
327.)  The  footmarks  at  HesselMjrg  are  partly 
concave  and  partly  in  relief;  tlie  former,  or  the 
depressions,  are  seen  upon  the  upper  surface  of 
\ut  SuiiiK^r  '''^  sandstone  slabs,  but  those  in  relief  are  wilv 
)  eighib  of  nut.  upon  tlio  lower  surfaces,  licing  in  fiwt  natunl 
casts,  formal  in  tlie  subjacent  footprints  as  is 
;mou!ds.  The  larger  impressions,  whidi  seem  to  be  those  of  the  hind 
^foot,  are  generally  8  inches  in  length,  and  5  in  width,  and  one  was  1- 
linches  long.     Near  each  large  footstep,  and  at  a  regular  distance  (aboU 

Fl^SfS. 

?^     ^t^     ^^ 

Line  of  fbotilipg  on  dili  of  Hnditone.    HildborgbuIMn,  In  Euonj. 

■•  OeoL  Trane,  Second  Series,  vol.  v. 

I  Bucklaod.  Proc  OeoL  Soc.  toI  iL  p.  43S ;  aad  HardiiMD  Mtd  Strickland,  O^ 
Stall*.  SmcikI  Ser.  voL  v.  p.  Ml. 
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an  inch  and  a  half),  before  it,  a  smaller  print  of  a  fore  foot,  4  inches 
long  and  3  inches  wide,  occurs.  The  footsteps  follow  each  other  in 
pairs,  each  pair  in  the  same  line,  at  intervals  of  14  inches  from  pair  to 
pair.  The  large  as  well  as  the  small  steps  show  the  great  toes  alter- 
nately on  the  right  and  left  side  ;  each  step  makes  the  print  of  live  toes, 
the  first  or  great  toe  being  l)ent  inwards  like  a  thumb.  Though  the 
fore  and  hind  foot  differ  so  much  in  «ze,  they  are  nearly  similar  in 
fofm. 

The  similar  footmarks  afterwards  observed  in  a  rock  of  corresjwnding 
age  at  Storton  Hill,  were  imprinted  on  live  thin  beds  of  clay,  superim- 
posed one  upon  the  other  in  the  same  quarry,  and  separated  by  beds  of 
sandstone.  On  the  lower  surface  of  the  sandstone  strata,  the  solid  casts 
of  each  impression  are  salient,  in  high  relief,  and  afford  models  of  the 
feet,  toes,  and  claws  of  the  animals  which  trod  on  the  clay. 

As  neither  in  Germany  nor  in  Eni^land  any  bones  or  teeth  had  been 
met  with  in  the  same  identical  strata  as  the  footsteps,  anatomists  in- 
dulged, for  several  years,  in  various  conjectures  respecting  the  mysterious 
animals  from  which  they  might  have  been  derived.  Profeasor  Kaup 
suggested  that  the  unknown  quacrapeds  might  have  been  allied  to  the 
Marsupialia  ;  for  in  the  kangaroo  the  first  toe  of  the  fore  foot  is  in  a 
similar  manner  set  obliquely  to  the  others,  like  a  thumb,  and  the  dispro- 
portion between  the  fore  and  hind  feet  is  also  very  great.  But  M.  Link 
conceived  that  some  of  the  four  species  of  animals  of  which  the  tracks 
had  been  found  in  Saxony  might  have  been  gigantic  Batrochiana  ;  and 
Dr.  Buckland  designated  some  of  the  footsteps  as  thovse  of  a  small  web- 
fboted  animal,  probably  crocodilean. 

In  the  course  of  these  discussions  several  naturalists  of  Liverpool,  in 
their  report  on  the  8torton  cjuarries,  declared  their  opinion  that  each  of 
the  thin  seams  of  clav  in  which  the  sandstone  casts  were  moulded  had 
forme^l  successively  a  surface  above  water,  over  which  the  Chhotherium 
and  other  animals  walked,  leaving  impressions  of  their  footsteps,  and 
that  each  layer  had  l)een  afterwards  submerged  by  a  sinking  down  of 
th€f  surface,  so  that  a  new  beach  was  formed  at  low  water  above  the 
former,  on  which  the  other  tracks  were  then  made.  The  repeate<l  occur- 
rence of  ripple-marks  at  various  heights  and  dej)ths  in  the  red  sandstone 
of  Cheshire  had  been  explained  in  the  same  manner.  It  was  also  re- 
marked that  impressions  of  such  depth  and  clearness  could  only  have 
been  made  by  animals  walking  on  the  land,  as  their  weight  would  have 
been  insufficient  to  make  them  sink  so  deeply  in  yielding  clay  under 
water.     They  must  therefore  have  been  air-breathers. 

When  the  inquiry  had  been  brought  to  this  point,  the  reptilian  remains 
discovered  in  the  Trias,  both  of  Germany  and  England,  were  carefully 
examined  by  Mr.  Owen.  He  found,  after  a  microscopic  investigation  of 
the  teeth  from  the  German  sandstone  called  Keuper,  and  from  the  sand- 
stone of  Warwick  and  Leamington,  that  neither  of  them  could  be  ro- 
ferred  to  true  saurians,  although  they  had  been  named  Mastodonsaurus 
and  PhyioMurtu  by  Jager  (hg.  829).    It  appeared  that  they  were  of 
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the  Balntchitin  order,  and  atteated  tin  fotma  at 
isteDce  of  frogs  of  gigsnUc  dimensioiia  in  a 


ti  wi(h  any  now  living.  Both  tbe  ( 
and  English  fomil  teeth  exhibited  a  maat  eon^K- 
cated  t4!Xture,  ditfering  from  that  praviowly  ob- 
served in  any  reptile,  whether  recent  or  «xtiiMt,  biA 
most  nearly  analogous  to  the  IchtAyttaurv*.  A 
section  of  one  of  these  teeth  exhil»te  a  Mtiei  tf 
irregular  folds  resembling  the  labyrinthine  windings  of  the  snr&ce  of  iha 
brain ;  and  from  this  character  Mr.  Owen  has  proposed  the  name  fatf 
rinlhodon  for  the  new  genus.  By  his  permission,  the  annexed  repraen- 
tation  {fig.  330)  of  part  of  one  is  given  from  bis  "Odontography,"  plala 
64,  A.  The  entire  length  of  this  tooth  is  supposed  to  have  been  abott 
three  inches  and  a  half,  and  tlie  breadth  at  the  baae  one  inch  and  a  hal£ 


When  Mr.  Owen  had  s.'itisfied  bimnelf,  from  an  inspection  of  the  en- 
nlum,  jaws,  and  teeth,  that  a  gigantic  Balracliian  had  existed  at  the 
period  of  the  Trias  or  Upper  New  Red  Sandstone,  be  soon  found,  fiom 
the  examination  of  various  bones  derived  from  the  same  formation,  that 
be  could  define  three  species  of  Labyrinlkodon,  and  that  in  this  genu 
the  hind  e.<[tremities  were  much  larger  than  the  anterior  ones.  This 
circumstance,  coupled  with  tbe  fact  of  the  Lahyrinthodim  haTing  exitlcd 
at  the  period  when  the  Chirotherian  footsteps  were  made,  was  the  fint 
step  towards  tbe  identiGcatiou  of  those  tracks  with  the  newly-discoTend 
Satrachian.  It  was  at  the  same  time  ob«erved  that  the  foodna^  <€ 
CKtrDMerram  wei«  more  like  those  of  toads  than  my  other  livii^  ani- 


CklXXJL]  RKD  SANDfiTONE  AND  BOCK  BALT.  298 

mal ;  and,  lastly,  that  the  size  of  the  three  species  of  Lahyrinthodon 
cofTeBponded  with  the  size  of  three  different  kinds  of  footprints  which 
bad  already  been  supposed  to  belong  to  three  distinct  Chirotkeria.  It 
was  moreover  inferred,  with  confidence,  that  the  Lahyrinthodon  was  an 
air-hnathing  reptile  from  the  structure  of  the  nasal  cavity,  in  which  the 
posterior  outlets  wore  at  the  back  part  of  the  mouth,  instead  of  being 
directly  under  the  anterior  or  external  nostrils.  It  must  have  respired 
air  after  the  manner  of  saurians,  and  may  therefore  have  imprinted  on 
the  shore  those  footsteps,  which,  as  we  have  seen,  could  not  have  origi- 
Dated  from  an  animal  walking  under  water. 

It  is  true  that  the  structure  of  the  foot  is  still  wanting,  and  that  a 
more  connected  and  complete  skeleton  is  required  for  demonstration ; 
but  the  circumstantial  evidence  above  stated  is  strong  enough  to  produce 
the  conviction  that  the  Chirotherium  and  Lahyrinthodon  are  one  and 
the  same. 

In  order  to  show  the  manner  in  which  one  of  these  formidable  Batra- 
ehians  may  have  impressed  the  mark  of  it  feets  upon  the  shore,  Mr.  Owen 
has  attempted  a  restoration,  of  which  a  reduced  copy  is  annexed. 

FU(.881. 


labprinihod<m  pachygnaihtu,  Ow»d. 

The  only  bones  of  this  species  at  present  known  are  those  of  the 
head,  the  pelvis,  and  part  of  the  scapula,  which  are  shown  by  stronger 
lines  in  the  above  figure.  There  is  reason  for  believing  that  the  head 
was  not  smooth  externally,  but  protected  by  bony  scutella. 

Origin  of  Red  Sandstone  and  Rock-Salt, 

We  have  seen  that,  in  various  parts  of  the  world,  red  and  mottled 
days,  and  sandstones,  of  several  distinct  geological  epochs,  are  found 
BflBodated  with  salt,  gypsum,  magnesian  limestone,  or  with  one  or  all  of 
these  substances.  There  is,  therefore,  in  all  likelihood,  a  general  cause 
for  such  a  coincidence.  Nevertlieless,  we  must  not  forget  that  there  are 
dense  masses  of  red  and  variegated  sandstones  and  clays,  thousands  of 
feet  in  thickness,  and  of  vast  horizontal  extent,  wholly  devoid  of  salifer- 
ons  or  gypseous  matter.  There  are  also  deposits  of  gypsum  and  muri- 
ate of  soda,  as  in  the  blue  clay  formation  of  Sicily,  wiUiout  any  accom- 
panying red  sandstone  or  red  clay. 

To  '■■."'^ai't  for  deposits  of  red  w*^'^  and  red  sand,  we  have  simply  to 
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Buppofie  the  disintegration  of  ordinary  crystalline  or  metamoiphic  schistB. 
Thus,  in  the  Eastern  Grampians  of  Scotland,  as,  for  example,  in  the  north 
of  Forfarshire,  the  mountains  of  gneiss,  mica-schist,  and  clay-slate,  an 
overspread  with  alluvium,  derived  from  the  disintegration  of  those  ro<^; 
and  the  mass  of  detritus  is  stained  by  oxide  of  iron,  of  precisely  the 
same  color  as  the  Old  Red  Sandstone  of  the  adjoining  Lowlands.  Now 
this  alluvium  merely  requires  to  be  swept  down  to  the  sea,  or  into  • 
lake,  to  form  strata  of  red  sandstone  and  red  marl,  precisely  like  the 
mass  of  the  "  Old  Red"  or  New  Red  systems  of  England,  or  those  te^ 
tiary  deposits  of  Auvergne  (see  p.  182),  before  described,  which  are  in 
lithological  characters  quite  undistinguishable.  The  pebbles  of  gneis 
in  the  Eocene  red  sandstone  of  Auvergne  point  clearly  to  tlie  rocks  from 
which  it  has  been  derived.  The  red  coloring  matter  may,  as  in  the 
Grampians,  have  been  furnished  by  the  decomposition  of  hornblende,  or 
mica,  which  contain  oxide  of  iron  in  large  quantity. 

It  is  a  general  fact,  and  one  not  yet  accounted  for,  that  scarcely  any 
fossil  remains  are  preserved  in  stratified  rocks  on  which  this  oxide  of 
iron  abounds ;  and  when  we  find  fossils  in  tlie  New  or  Old  Red  Sand- 
stone in  England,  it  is  in  the  gray,  and  usually  calcareous  beds^  that 
they  occur. 

The  gypsum  and  saline  matter,  occasionally  interstratified  with  sndi 
red  clays  and  sandstones  of  various  ages,  primary,  secondary,  and  te^ 
tiary,  have  been  thought  by  some  geologists  to  be  of  volcanic  origin. 
Submarine  and  subaerial  exhalations  often  occur  in  r^ons  of  earth- 
quakes and  volcanoes  far  from  points  of  actual  eruption,  and  charged 
with  sulphur,  sulphuric  salts,  and  with  common  salt  or  muriate  of  soda. 
In  a  word,  there  are  events  by  which  all  tlie  products  which  issue  in  i 
state  of  sublimation  from  the  craters  of  active  volcanoes,  obtain  a  pas- 
sage from  the  interior  of  the  earth  to  the  surface.  That  such  gaseous 
emanations  and  mineral  springs,  impregnated  with  the  ingredients  before 
enumerated,  and  often  intensely  heated,  continue  to  flow  out  unaltered 
in  composition  and  temperature  for  ages,  is  well  known.  But  before  we 
can  decide  on  their  real  instrumentality  in  producing  in  the  course  of 
ages  l)eds  of  gyj)sum,  salt,  and  dolomite,  we  require  to  know  what  arc 
the  chemical  changes  actually  in  progress  in  seas  where  this  volcanic 
agency  is  at  work. 

Yet  the  origin  of  rock-salt  is  a  problem  of  so  much  interest  in  the- 
oretical geology  as  to  demand  a  full  discussion  of  another  hypothesis 
advanced  on  the  subject ;  namely,  that  which  attributes  the  precipitation 
of  the  salt  to  evaporation,  whether  of  inland  lakes  or  of  lagoons  com- 
municating with  the  ocean. 

At  Northwich,  in  Cheshire,  two  beds  of  salt,  in  great  part  unmixed 
with  earthy  matter,  attain  the  extraordinary  thickness  of  00  and  even 
100  feet  The  upper  swrface  of  the  highest  bed  is  very  uneven,  forming 
cones  and  irregular  figures.  Between  the  two  masses  there  intervenes  a 
bed  of  indurated  clay,  traversed  with  veins  of  salt  The  highest  bed 
thins  oflf  towards  the  southwest,  losing  15  feet  in  thickneH  in  the  course 
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of  a  mile.*  The  horizontal  extent  of  these  particular  masses  in  Cheshire 
and  Lancashire  is  not  exactly  known ;  but  the  area,  containing  saliferous 
days  and  sandstones,  is  supposed  to  exceed  150  miles  in  diameter,  while 
the  total  thickness  of  the  trias  in  the  same  region  is  estimated  by  Mr. 
Ormerod  at  more  than  1700  feet.  Ilipple-marked  sandstones,  and  the 
footprints  of  animals,  before  described,  are  observed  at  so  many  levels 
that  we  may  safely  assume  the  whole  area  to  have  undergone  a  slow  and 
gradual  depression  during  the  formation  of  the  Red  Sandstone.  The 
evidence  of  such  a  movement,  wholly  independent  of  the  presence 
of  salt  itself,  is  very  important  in  reference  to  the  theory  under  con- 
sideration. 

In  the  "  Principles  of  Geology**  (chap.  28),  I  published  a  map,  fur- 
nished to  me  by  the  late  Sir  Alexander  Burnes,  of  that  singular  flat 
region  called  the  Uunn  of  Cutcli,  near  the  delta  of  the  Indus,  which  is 
7000  square  miles  in  areji,  or  equal  in  extent  to  about  one-fourth  of  Ire- 
land. It  is  neither  land  nor  sea,  but  is  dry  during  a  part  of  every  year, 
and  again  covered  by  salt  water  during  the  monsoons.  Some  parts  of 
it  are  liable,  after  long  intervals,  to  be  overflowed  by  river- water.  Its 
surface  supports  no  grass,  but  is  incrusted  over,  here  and  there,  by  a 
layer  of  salt,  about  an  inch  in  depth,  caused  by  the  evaporation  of  sea- 
water.  Certain  tracts  have  been  converted  into  dry  land  by  upheaval 
during  earthquakes  since  the  commencement  of  the  present  century,  and, 
in  other  directions,  the  boundaries  of  the  Kunn  have  been  enlarged  by 
subsidence.  That  successive  layers  of  salt  might  be  thrown  down,  one 
upon  the  other,  over  thousands  of  square  miles,  in  such  a  region,  is  un- 
deniable. The  supply  of  brine  from  the  ocean  would  be  as  inexhausti- 
ble as  the  supply  of  heat  from  the  sun  to  cause  evaporation.  The  only 
assumption  recjuired  to  enable  us  to  explain  a  great  thickness  of  salt  in 
such  an  area  is,  the  continuance,  for  an  indefinite  period,  of  a  subsiding 
movement,  the  country  preserving  all  the  time  a  general  approach  to 
horizon  tali  ty.  Pure  salt  could  only  be  fonned  in  the  central  parts  of 
basins,  where  no  sand  could  be  drifted  by  the  wind,  or  sediment  be 
brought  by  currents.  Should  the  sinking  of  the  ground  be  accelerated, 
80  as  to  let  in  the  sea  freely,  and  deepen  the  water,  a  temporary  suspen- 
sion of  the  precipitation  of  salt  would  be  the  only  result  On  the  other 
hand,  if  the  area  should  dry  up,  ripple-marked  sands  and  the  footprints 
of  animals  might  be  formed,  where  salt  had  previously  accumulated. 
According  to  this  view  the  thickness  of  the  salt,  as  well  as  the  accom- 
panying beds  of  mud  and  sand,  becomes  a  mere  question  of  time,  or 
requires  simply  a  repetition  of  similar  operations. 

Mr.  Hugh  Miller,  in  an  able  discussion  of  this  question,  refers  to  Dr. 
Frederick  Parrot's  account,  in  his  journey  to  Ararat  (1836),  of  the  salt 
lakes  of  Asia.  In  several  of  these  lakes  west  of  the  river  Manech,  "  the 
water,  during  the  hottest  season  of  the  year,  is  covered  on  its  surface 
with  a  crust  of  salt  nearly  an  inch  thick,  which  is  collected  with  shovels 

*  Ormerod,  Quart.  GeoL  Joum.  1848,  vol  iv.  p.  277. 
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into  boats.  The  crystallization  of  the  salt  is  effected  by  rapid  eTapon- 
tion  from  the  sun's  heat  and  the  supersaturation  of  the  water  with  nm- 
riate  of  soda ;  the  lake  being  so  shallow  that  the  little  boats  trail  on  tke 
bottom  and  leave  a  furrow  behind  them,  so  that  the  lake  must  be  re- 
garded as  a  wide  pan  of  enormous  superficial  extent,  in  which  the  biine 
can  easily  reach  the  degree  of  concentration  required." 

Another  traveller,  Major  Harris,  in  his  "  Highlands  of  Ethiopia,**  de- 
scribes a  salt  lake,  called  the  Bahr  Assal,  near  the  Abyssinian  frontier, 
which  once  fonned  the  prolongation  of  the  Gulf  of  Tadjara,  but  was 
afterwards  cut  off  from  the  gulf  by  a  broad  bar  of  lava  or  of  land  up- 
raised by  an  earthquake.  **  Fed  by  no  rivers,  and  exposed  in  a  burning 
climate  to  the  unmitigated  rays  of  the  sun,  it  has  shrunk  into  an  ellipti- 
cal basin,  seven  miles  in  its  transverse  axis,  half  filled  with  smooth  water, 
of  the  deepest  cerulean  hue,  and  half  with  a  solid  sheet  of  glittering 
snow-white  salt,  the  offspring  of  evaporation."  '*  If,"  says  Mr.  Hugh 
Miller,  "  we  suppose,  instead  of  a  barrier  of  lava,  that  sand-bars  were 
raised  by  the  surf  on  a  flat  arenaceous  coast  during  a  slow  and  equable 
sinking  of  the  surface,  the  waters  of  the  outer  gulf  might  occasionally 
topple  over  the  bar,  and  supply  fresh  brine  when  the  first  stock  had  been 
exhausted  by  evaporation."* 

We  may  add  that  the  permanent  impregnation  of  the  waters  of  a 
large  shallow  basin  with  salt,  beyond  the  proportion  which  is  usual  in 
the  ocean,  would  cause  it  to  be  uninhabitable  by  mollusca  or  fish,  as  is  the 
case  in  the  Dead  Sea,  and  the  muriate  of  so<la  might  remain  in  excess, 
even  though  it  were  occasionally  replenished  by  irruptions  of  the  sea. 
Should  the  saline  deposit  be  eventually  submerged,  it  might,  as  we  have 
seen  from  the  example  of  the  Runn  of  Cutch,  be  covered  by  a  freshwater 
formation  containing  fluviatile  organic  remains ;  and  in  this  way  the 
apparent  anomaly  of  beds  of  sea-salt  and  clays  devoid  of  marine  fossils^ 
alternating  with  others  of  freshwater  origin,  may  be  exp]aino<l. 

Dr.  G.  Buist,  in  a  recent  communication  to  the  T^ombay  Geographical 
Society  (vol.  ix.),  has  asked  how  it  happens  that  the  Reii  Sea  should  not 
exceed  the  open  ocean  in  saltness,  by  more  than  -j\yth  per  cent.  The  Red 
Sea  receives  no  supply  of  water  from  any  quarter  save  through  the 
Straits  of  Babelmandeb ;  and  there  is  not  a  single  river  or  rivulet  flowing 
into  it  from  a  circuit  of  4000  miles  of  shore.  The  countries  around  are 
all  excessively  sterile  and  arid,  and  composed,  for  the  most  part,  of  burn- 
ing deserts.  From  the  ascertained  evaporation  in  the  sea  itself.  Dr. 
Buist  computes  that  nearly  8  feet  of  pure  water  must  be  carried  off  from 
the  whole  of  its  surface  annually,  this  being  probably  equivalent  to  y^th 
part  of  its  whole  volume.  The  Red  Sea,  therefore,  ought  to  have  1  per 
cent  added  annually  to  its  saline  contents ;  and  as  these  constitute  4 
per  cent  by  weight,  or  2  J  per  cent  in  volume  of  its  entire  mass,  it 
ought,  assuming  the  average  depth  to  be  800  feet,  which  is  supposed  to 
be  far  beyond  the  truth,  to  have  been  converted  into  one  solid  salt 

*  Hugh  Miller,  First  Impreseions  of  England,  1847,  pp.  188,  214. 
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fimnatioii  in  less  than  3000  years.*  Does  the  Red  Sea  receive  a  supply 
of  water  from  the  ocean,  through  the  narrow  Straits  of  Babelmandeb, 
Bufficient  to  balance  the  loss  by  evaporation  ?  And  is  there  an  under- 
cmrent  of  heavier  saline  water  annually  flowing  outwards  ?  If  not,  in 
what  manner  is  the  excess  of  salt  disposed  of?  An  investigation  of  this 
subject  by  our  nautical  surveyors  may  perhaps  aid  the  geologist  in  fram- 
ing a  true  theory  of  the  origin  of  rock-salt. 

On  the  New  Red  Sandstone  of  the  valley  of  the   Connecticut  River 

in  the   United  States, 

In  a  depression  of  the  granitic  or  hypogene  rocks  in  the  States  of 
Massachusetts  and  Connecticut,  strata  of  red  sandstone,  shale,  and  con- 
glomerate are  found  occupying  an  area  more  than  150  miles  in  length 
from  north  to  south,  and  about  5  to  10  miles  in  breadth,  the  beds  dipping 
to  the  eastward  at  angles  varying  from  5  to  50  degrees.  The  extreme 
inclination  of  50  degrees  is  rare,  and  only  observed  in  the  neighborhood 
of  masses  of  trap  which  have  been  intruded  into  the  red  sandstone  while 
it  was  forming,  or  before  the  newer  parts  of  ;he  deposit  had  been  com- 
pleted. Having  examined  this  series  of  rocks  in  many  places,  I  feel 
satisfied  that  they  were  formed  in  shallow  water,  and  for  the  most  part 
near  the  shore,  and  that  some  of  the  beds  were  from  time  to  time  raised 
above  the  level  of  the  water,  and  laid  dry,  while  a  newer  series,  composed 
of  similar  sediment,  was  forming.  The  red  flags  of  thin-bedded  sandstone 
are  often  ripple-marked,  and  exhibit  on  their  under  sides  casts  of  cracks 
formed  in  the  underlying  red  and  green  shales.  These  last  must  have 
shrunk  by  drying  before  the  sand  was  spread  over  them.  On  some 
shales  of  the  finest  texture  impressions  of  rain-tlrops  may  l>e  seen,  and 
casts  of  them  in  the  incumbent  argillaceous  sandstones.  Having  observed 
similar  markings  produce<l  by  showers,  of  which  the  precise  date  was 
known,  on  the  recent  red  mud  of  the  Bay  of  Fundy,  and  casts  in  relief 
of  the  same,  on  layers  of  dried  mud  thrown  down  by  subsequent  tides, 
I  feel  no  doubt  in  regard  to  the  origin  of  some  of  the  ancient  Connecticut 
impressions.  I  have  also  seen  on  the  mud-flats  of  the  Bay  of  Fundy  the 
footmarks  of  birds  {Tringa  minuta),  which  daily  run  along  the  borders 
of  that  estuary  at  low  water,  and  which  I  have  described  in  my  Travels.f 
Similar  layers  of  red  mud,  now  hardened  and  compressed  into  shale,  are 
laid  open  on  the  banks  of  the  Connecticut,  and  retain  faithfully  the  im- 
praflsions  and  casts  of  the  feet  of  numerous  birds  and  reptiles  which 
walked  over  them  at  the  time  when  they  were  deposited,  probably  in  the 
Triassic  Period. 

According  to  Prof.  Hitchcock,  the  footprints  of  no  less  than  thirty-two 
species  of  bipeds,  and  twelve  of  quadrupeds,  have  been  already  detected 
in  these  rocks.     Thirty  of  these  are  believed  to  be  those  of  birds,  four  of 

♦  Buist,  Trans,  of  Bombay  Geograph.  Soc.  1860,  voL  iz.  p.  88. 
f  Travels  in  North  America,  voL  il  p.  168. 
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lizards,  two  of  clielonians,  and  six  of  btttrachiuis.  The  tracks  hare  be« 
found  ia  more  tlian  twenty  places,  scattered  through  an  extent  of  dqmIt 
80  miles  from  north  to  south,  and  they  are  repealed  tbrou^  a  succenioa 
of  heda  attaining  at  some  points  a  thickness  of  more  than  1000  feri, 
which  may  have  been  thousands  of  years  in  foniiing." 

As  considerable  skepiiciam  is  naturally  entertained  in  regard  to  Uw 
nature  in  tlic  evidence  derived  from  footprints,  it  may  be  well  to  enume- 
rate some  facts  respecting  tlicm  on  which  the  faith  of  the  geologist  may 
rest  When  I  visited  the  United  States  in  1842,  more  than  2000  m- 
pressions  had  been  observed  by  Professor  Hitchcock,  in  tlie  district 
alluded  to,  and  all  of  them  were  indente<l  on  the  upper  surface  of  the 
layers,  while  the  corresponding  casts,  standing  out  in  relief,  were  always 
on  the  lower  surfaces  or  planes  of  the  strata.  K  we  follow  a  single  lint 
„..  .™  °f  marks,  we  find  them  uniform  in  size,  and  ncirly 

uniform  in  distance  from  each  other,  the  toes  of  two 
successive  footprints,  turning  alternately  right  and 
left  (see  fig.  332).  Such  single  lines  indicntc  a  biped; 
and  there  is  generally  such  a  deviation  from  a  straight 
line,  in  any  three  suca'ssive  jirints,  as  we  remark  ia 
the  tracks  left  by  birds.  There  is  also  a  striking  re- 
lation between  the  distance  separating  two  foolpriote 
in  one  series  and  the  size  of  tlie impressions;  inotbs 
words,  an  obvious  proportion  between  the  length  Oi 
the  stride  and  the  dimension  of  the  creature  whidi 
walke<l  over  tlie  mud.  If  the  marks  are  small,  they 
may  be  half  an  inch  asunder ;  if  gigantic,  as,  for  ex- 
ample, where  the  toes  are  20  inches  long,  they  aie 
I  uccasionally  4  feet  and  a  half  apart.     The  bipeds! 

LA^'  impressions  are  for  the  most  part  trifid,  and  sho* 

>  ,,  i'         tlic  same  number  of  joints  as  exist  in  the  feet  of  liv- 

ing tridactylous  birds.     Now  sucli  birds  have  thne 
phalangeal  bones  for  the  inner  toe,  four  for  the  middle. 
and  five  for  the  outer  one  (see  fig.  332);  but  the  im- 
pression of  the  terminal  joint  is  tJiat  of  the  nail  only. 
The  fossil  footprints  exhibit  regularly,    where  the 
joints  are  seen,  tlie  same  number ;  and  we  see  ia 
each  continuous  line  of  tracks  the  three-jointed  and 
MrVFdVvaiisy"?  five-jointed  toes  placed  alternately  outwiu^s,  firstm 
Dt'  S»ne,"'M'fm' of  the  one  side  and  then  on  the  other.     It  is  not  often 
19«)'  *™'"  '"''  '''*  ^^^  ^^^  matrix  has  been  fine  enough  to  retain  im- 
pressions of  the  integument  or  skin  of  the  foot ;  but 
in  one  fine  specimen  found  at  Turner's  Falls  on  the  Oonnecticnt,  by  Dr. 
Deane,  these  markings  are  well  preserved,  and  have  been  recognized  by 
Mr.  Owen  as  resembling  tlie  skin  of  the  ostrich,  and  not  that  of  reptiIeB.f 

■  Hitchcock,  Mem.  of  Amer  Acail.  New  S«r.  vol  iii.  p.  It9. 
f  lliis  specimen  is  now  in  Dr.  Uantell'i  mnieum. 
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Mach  care  is  required  to  ascertain  tlie  precise  layer  of  a  laminated  rock 
on  which  an  animal  has  walked,  because  the  impression  usually  extends 
downwards  through  several  laminie  ;  and  if  the  upper  layer  originally 
trodden  upon  is  wanting,  one  or  more  joints,  or  even  in  some  cases  an 
entire  toe,  which  sank  less  deep  into  the  soft  ground,  may  disappear,  and 
yet  the  remainder  of  the  footprint  be  well  defined. 

The  size  of  several  of  the  fossil  impressions  of  the  Connecticut  red 
sandstone  so  far  exceeds  that  of  any  living  ostrich,  that  naturalists  at 
first  were  extremely  adverse  to  the  opinion  of  their  having  been  made 
by  birds,  until  the  bones  and  almost  entire  skeleton  of  the  BinomU  and 
of  other  feathered  giants  of  New  Zealand  were  discovered.  Their  dimen- 
sions have  at  least  destroyed  the  force  of  this  particular  objection.  The 
magnitude  of  the  impressions  of  the  feet  of  a  heavy  animal,  which  has 
walked  on  soft  mud,  increases  for  some  distance  below  the  surface  orig- 
inally trodden  upon.  In  order,  therefore,  to  guard  against  exaggeration, 
the  casts  rather  than  the  mould  are  relied  on.  These  casts  show  tliat 
some  of  the  fossil  birds  had  feet  four  times  as  large  as  the  ostrich,  but 
not  perhaps  larger  than  the  Dinomis. 

Some  of  the  quadrupedal  footjmnts  which  accompany  those  of  birds 
are  analogous  to  European  Chirotheria,  and  with  a  similar  disproportion 
between  the  hind  and  fore  feet.  Others  resemble  that  remarkable  reptile, 
the  Rhyncosaurus  of  the  English  Trias,  a  creature  having  some  rela- 
tion in  its  osteology  both  to  chelonians  and  birds.  Other  imprints., 
again,  are  like  those  of  turtles. 

Among  the  supposed  bipedal  tracks,  a  single  distinct  example  only 
has  been  observed  of  feet  in  which  there  are  four  toes  directed  forwards. 
In  this  case  a  series  of  four  footprints  is  seen,  ea<'h  22  inches  long  and 
12  wide,  with  joints  much  resembling  those  in  the  toes  of  birds.  Pro- 
fessor Agassiz  has  suggested  that  it  might  have  belonged  to  a  gigantic 
bipedal  batrachian  ;  but  the  evidence  on  this  subject  is  too  defective  to 
warrant  such  a  bold  conjecture,  and  if  we  were  to  give  the  reins  to  our 
imagination,  we  might  as  well  conceive  a  bird  having  four  toes  project- 
ing forward  as  a  huge  two-legged  frog.  Nor  should  we  forget  that  some 
quadrupeds  place  the  hind  foot  so  precisely  on  the  same  spot  just  quitted 
by  the  fore  foot,  as  to  produce  a  single  line  of  imprints  like  a  biped. 

No  bones  have  as  yet  been  met  with,  whether  of  reptiles  or  birds,  in 
the  rocks  of  the  Connecticut,  but  there  are  numerous  coprolites ;  and  an 
ingenious  argument  has  been  derived  by  Mr.  Dana,  from  the  analysis  of 
these  bodies,  and  the  proportion  they  contain  of  uric  acid,  phosphate  of 
lime,  carbonate  of  lime,  and  organic  matter,  to  show  that,  like  guano, 
they  are  the  droppings  of  birds,  ratlier  than  of  reptiles.* 

Mr.  Darwin,  in  his  "  Journal  of  a  Voyage  in  the  Beagle,"  informs  us 
that  the  "  South  American  ostriches,  although  they  live  on  vegetable 
matter,  such  as  roots  and  grass,  are  repeatedly  seen  at  Bahia  Blanca  (lat. 
89°  S.),  on  the  coast  of  Buenos  Ay  res,  coming  down  at  low  water  to 

*  Amer.  Joum.  of  ScL  vol.  xlvill  p.  46. 
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the  extensive  mud-banks  which  are  then  dry,  for  the  sake,  as  the  Gandiot 
say,  of  feeding  on  small  fish."  They  readily  take  to  the  water,  and 
hare  been  seen  at  the  bay  of  San  Bias,  and  at  Port  Valdez,  in  Patago- 
nia, swimming  from  island  to  island.*  It  is  therefore  evident,  that  in 
our  times  a  South  American  mud-bank  might  be  trodden  simultaneously 
by  ostriches,  alligators,  tortoises,  and  frogs ;  and  the  impressions  left,  in 
the  nineteenth  century,  by  the  feet  of  tliese  various  tribes  of  animals, 
would  not  differ  from  each  other  more  entirely  than  do  those  attributed 
to  birds,  saurians,  chelonians,  and  batrachians,  in  the  rocks  of  the  Con- 
necticut 

To  determine  the  exact  age  of  the  red  sandstone  and  shale  containing 
these  ancient  footprints  in  the  United  States,  is  not  possible  at  present 
No  fossil  shells  have  yet  l>een  found  in  the  deposit,  nor  plants  in  a  de- 
terminable state.  The  fossil  fish  are  numerous  and  very  perfect ;  but 
they  are  of  a  peculiar  type,  which  was  originally  referred  to  the  gcnni 
PaJceoniscu^,  but  has  since,  with  propriety,  been  ascribed,  by  Sir  Philip 
Egerton,  to  a  new  genus.  To  this  he  has  given  the  name  of  Ischt^ptenu, 
from  the  great  size  and  strength  of  the  fulcral  rays  of  the  dorsal  fin 
(from  Ittxps,  strength,  and  Arrspov,  a  fin).  They  diflfer  from  Paltjeonisem^ 
as  Mr.  Redfield  first  pointed  out,  by  having  the  vertebral  column  pio> 
longed  to  a  more  limited  extent  into  the  upper  lobe  of  the  tail,  or,  ii 
the  language  of  M.  Agassiz,  they  are  less  heterocercal.  The  teeth  alm^ 
according  to  Sir  P.  Egerton,  who,  in  1844,  examined  for  me  a  fine  serici 
of  specimens  which  I  procured  at  Durham,  Connecticut,  difler  from  thoM 
of  Pcdcconiscus  in  being  strong  and  conical. 

That  the  sandstones  containing  these  fish  are  of  older  date  than  the 
strata  containing  coal,  before  described  (p.  284)  as  occurring  near  Rich- 
mond in  Virginia,  is  highly  probable.  These  were  shown  to  be  as  oM 
at  least  as  the  oolite  and  lias.  The  higher  antiquity  of  the  Connecticiit 
beds  cannot  be  proved  by  direct  superposition,  but  may  be  presumed 
from  the  general  structure  of  the  country.  That  structure  proves  them 
to  be  newer  than  the  movements  to  which  the  Appalachian  or  Alleghany 
chain  owes  its  flexures,  and  this  chain  includes  the  ancient  coal  fonoap 
tion  among  its  contorted  rocks.  The  unconformable  position  of  this  New 
Bed  with  omithicnites  on  the  edges  of  the  inclined  primary  or  paleoxoic 
rocks  of  the  Appalachians  is  seen  at  4  of  the  section,  ^g.  379,  p.  327. 
The  absence  of  fish  w^ith  decidedly  heterocercal  tails  may  afibrd  an 
argument  against  the  Permian  age  of  the  formation  ;  and  the  opinion 
that  the  red  sandstone  is  triassic,  seems,  on  the  whole,  the  best  that  we 
can  embrace  in  the  present  state  of  our  knowledge. 

*  Joornal  of  Voyage  of  Beagle,  <feo.  2d  edition,  p.  89, 1846. 
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CHAPTER  XXTTL 

PERMIAN    OR   MAONE8IAN   LIMESTONE   CROUP. 

FomUs  of  Magnesian  Limestone  and  Lower  New  Red  distinct  from  the  Triassio-^ 
Term  Permian — English  and  German  equivalents — ^Marine  shells  and  corals  of 
English  Magnesian  limestone — Palaeoni«cus  and  other  fish  of  the  marl  slate — 
Thecodont  Sauriansof  dolomitic  conglomerate  of  Bristol — Zechstein  and  Rothlie- 
gendes  of  Thuringia — Permian  Flora — Its  generic  affinity  to  the  carboniferous 
^Psaronites  or  tree-ferns. 

When  the  use  of  the  term  ^^  Poikilitic''  was  explained  in  the  last 
chapter,  I  stated,  that  id  some  parts  of  England  it  is  scarcely  possible  to 
separate  the  red  marls  and  sandstones  so  called  (originally  named  ^  the 
New  Red"),  into  two  distinct  geological  systems.  Nevertheless,  the 
progress  of  investigation,  and  a  careful  comparison  of  English  rocks  be- 
tween tlie  lias  and  the  coal  with  those  occupying  a  similar  geological 
position  in  Germany  and  Russia,  has  enabled  geologists  to  divide  the 
Poikilitic  formation  ;  and  has  even  shown  that  the  lowermost  of  the  two 
divisions  is  more  closely  connected,  by  its  fossil  remains,  with  the  car- 
boniferous group  than  witli  the  trias.  If,  therefore,  we  are  to  draw  a 
line  between  the  secondary  and  primary  fossiliferous  strata,  as  between 
the  tertiary  and  secondary,  it  must  run  through  the  middle  of  what  was 
once  callwl  the  "  New  Red,"  or  Poikilitic  group.  The  inferior  half  of 
this  group  will  rank  as  Primary  or  Paleozoic,  while  its  upper  member 
will  form  the  base  of  the  Secondary  series.  For  the  Lower,  or  Magne- 
sian Limestone  division  of  English  geologists,  Sir  R.  Murchison  has  pro- 
posed the  name  of  Permian,  from  Perm,  a  Russian  government  where 
these  strata  are  more  extensively  developed  than  elsewhere,  occupying  an 
urea  twice  the  size  of  France,  and  containing  an  abundant  and  varied 
suite  of  fossils. 

Mr.  King,  in  his  valuable  monograph,  recently  published,  of  the  Per 
mian  fossils  of  England,  has  given  a  table  of  the  following  six  members 
of  the  Permian  system  of  the  north  of  England,  with  what  he  conceives 
to  be  the  corresponding  formations  in  Thurin^a.* 

North  of  England.  Thoringia. 

1.  Crystalline  or  concretionary,  and        1.  Stinkstein. 

non-crystalline  limestone. 

2.  Breociated  and  pseudo-brecciated        2.  Rauchwacke. 

limestone. 

8.  Fossiliferous  limestone.  3.  Dolomit,  or  Upper  Zechstein. 

4.  Compact  hmestone.  4.  Zechstein,  or  Lower  Zechstein. 

£.  Marl-slate.  6.  Mergel-schiefer,  or  Eupfersdiiefer. 

*   6.  Inferior  sandstones  of  various  col-  6.  Rothliegendea. 


ors. 


Palnontographical  Society,  1848,  Londoo. 
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I  shall  proceed,  therefore,  to  treat  briefly  of  these  eubdivisions,  begin- 
niDg  with  the  highest,  and  referring  the  reader,  for  a  fuller  description  of 
the  lithological  character  of  the  whole  group,  as  it  occurs  in  the  north 
of  England,  to  a  valuable  memoir  by  Professor  Sedgwick,  published  in 
1835* 

CrystaUine  or  concretionary  limestone  (No.  1). — ^This  formation  is  seen 
upon  the  coast  of  Durham  and  Yorkshire,  between  the  Wear  and  the 
Tees.  Among  its  characteristic  fossils  are  Schizodus  Schlotheimi  (fig. 
333)  and  Mytilua  septifer  (fig.  335). 

Fig.  888.  Fig.  884  Fig.  839. 


SchUodut  SohMheimi,  OHnitz.        Schinoaxu  iruncatw.  King;       MylUu»  HfpH^,  Kimp 
8yn.  Airinvs  o&4ouru4;  Sow.  to  show  hinge.    Permian.       Syn.  ModiUa  acunUntUt^ 

CrysUlline  limeetoDe,  rermian.  James  Sow. 

Permian  crystalline  lime- 
atone. 

These  shells  occur  at  Hartlepool  and  Sunderland,  where  the  rock  as- 
sumes an  oolitic  and  botroidal  character.  Some  of  the  beds  in  this 
division  are  ripple-marked  ;  and  Mr.  King  imagines  that  the  absence  of 
corals  and  the  character  of  the  shells  indicate  shallow  water.  In  some 
parts  of  the  coast  of  Durham,  where  the  rock  is  not  crystalline,  it  con- 
tains as  much  as  forty-four  per  cent,  of  carbonate  of  magnesia,  mixed 
with  carbonate  of  lime.  In  other  places, — for  it  is  extremely  variable  in 
structure, — it  consists  chiefly  of  carbonate  of  lime,  and  has  concreted 
into  globular  and  hemispherical  masses,  varying  from  the  size  of  a  ma^ 
ble  to  that  of  a  cannon-ball,  and  radiating  from  the  centre.  Occasionally 
earthy  and  pulverulent  beds  pass  into  compact  limestone  or  hard  granu- 
lar dolomite.  The  stratification  is  very  irregular,  in  some  places  well- 
defined,  in  others  obliterated  by  the  concretionary  action  which  has  re- 
arranged the  materials  of  the  rocks  subsequently  to  their  original 
deposition.  Examples  of  this  are  seen  at  Pontefract  and  RiiK»n  in 
Yorkshire. 

The  hrecciated  limestone  (.No.  2)  contains  no  fragments  of  foreign 
rocks,  but  seems  c<>mposed  of  the  breaking-up  of  the  Permian  limestone 
itself,  about  the  time  of  its  consolidation.  Some  of  the  angular  ma»es 
in  Tynemoutli  Cliff*  are  2  feet  in  diameter.  This  breccia  is  considered 
by  Professor  Secigwick  as  one  of  the  fonns  of  the  preceding  limestone, 
No.  1,  rather  than  as  regularly  underlying  it.  The  fragments  are  angu- 
lar and  never  water-worn,  and  appear  to  have  been  re-cemented  on  the 
spot  where  they  were  formed.  It  is,  therefore,  suggested  tliat  they  may 
have  been  due  to  those  internal  movements  of  the  mass  which  produced 
the  concretionary  structure ;  but  the  subject  is  very  obscure,  and  after 

*  Traofl.  GeoL  Soc  Lond.  Second  Series,  vol.  ill  p.  8*7. 
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itatiyiag  the  phenomenon  in  the  Maraton  Rocks,  on  tlie  coa«t  of  Dui- 
ham,  I  found  it  impoesible  to  form  any  positive  opinion  on  the  eubjecL 
The  well-known  brecciated  limestones  of  the  Pyrenees  oppeared  to  me  to 
present  the  nearest  an&logy,  but  on  a  much  smaller  Male. 

Thefoiiiliferous  linutlme  (No.  3)  is  regarded  by  Mr.  King  as  a  deep- 
water  formation,  from  the  numerous  lielicate  corals  which  it  includes. 
One  of  these,  Ftne»UlUi  reti/ormi*  (fig.  336),  is  a  very  variable  spedea, 


HfiL  Gorgenia  Is/u 


FfRHtfUa  rftlfyrmin.  SrhloL 

JiulObniils.  Gol.lI :  X/lrpomjIiulraeta,  PhllllM, 

b.  Put  of  the  Hinc  hlgUI]'  migiiLatd. 
Mi^Mlin  lloitatons,  IlmnblMon  Uttl,  nur  SnndKrliuid.* 


and  has  receive<l  many  different  names.  It  sometimes  nttains  a  large 
(ize,  measuring  8  inches  in  width.  The  same  zoophyto  is  also  found 
abundantly  in  the  Permian  of  Gennany. 

Shells  of  the  genera  Sp'ri/er  and  ProdnctuB,  wliicli  do  not  occur  in 
atnta  newer  tlian  the  Permian,  are  abundant  in  this  division  of  tlie  series 
in  the  ordinary  yellow  inagnesian  Ihneslonc.     (See  figs.  337,  338.) 


ns.S37. 


Xfnnii 


The  eompael  limatoae  (No.  4)  also  contains  oi^nic  remains,  especially 
Gornllinos,  and  is  intimately  connected  with  the  preceding.  Beneath  it 
lies  the  marl-tlatt  (No.  5),  which  consists  of  bard,  calcareous  shales, 
tnari-alate,  and  thin-bedded  limestones.  At  East  Thickley,  in  Durham, 
where  it  is  thirty  feet  thick,  this  elate  has  yielded  many  fine  Bpecimena 


*  King'*  UoDOgrapb,  pi  i. 


804 


FOSSIL   FISH  OF  PERMIAK  HARL-SLATE.         [O&XXm. 


of  fossil  fish  of  the  genera  Palceoniscus,  Pypopterus,  Caelacanihui,  and 
Platt/somus,  genera  which  are  all  found  in  the  coal-measures  of  the  car 
boniferous  epoch,  and  which,  therefore,  says  Mr.  King,  probably  lived  at 
no  great  distance  from  the  shore.  But  the  Permian  species  are  peculiar, 
and,  for  the  most  part,  identical  with  those  found  in  the  mari-slate  or 
copper- slate  of  Thuringia. 

Fig.  889. 


Restored  ontline  of  a  flsb  of  the  genus  PalaonUcui^  Agaas. 
PalaothrUtum^  Blsinville. 


The  Palcsoniscus  above  mentioned  belongs  to  that  division  of  fiahfli 
which  M.  Agassiz  has  called  "  Heterocercal,"  which  have  their  tails  une- 
qually bilobate,  like  the  recent  shark  and  sturgeon,  and  the  vertebral 
column  running  along  the  upper  caudal  lobe.  (See  fi^.  340.)  The 
"  Homocercal"  fish,  which  comprise  almost  all  the  8000  species  at  present 


Fig.  840. 


Fig.  841. 


Shark. 
HeUrocercdl, 


Shsd.  {CluDM,  Herring  tribe.) 
Honxocercal. 


known  in  the  living  creation,  have  the  tail-fin  either  single  or  equally 
divided  ;  and  the  vertebral  column  stops  short,  and  is  not  prolonged 
into  either  lobe.     (See  fig.  341.) 

Now  it  is  a  singular  fact,  first  pointed  out  by  Agassiz,  that  the  heter- 
oceral  form,  which  is  confined  to  a  small  number  of  genera  in  the  exist- 
ing creation,  is  universal  in  the  Magncsian  limestone,  and  all  the  more 
ancient  formations.  It  characterizes  the  earlier  periods  of  tlie  earth's 
history,  when  the  organization  of  fishes  made  a  greater  approach  to  that 
of  saurian  reptiles  than  at  later  epochs.  In  all  the  strata  above  the 
Magnesian  limestone  the  homocercal  tail  predominates. 

A  full  description  has  been  given  by  Sir  Philip  Egerton  of  the  species 
of  fish  characteri.stic  of  the  marl-slate  in  Mr.  King's  monograph  before 
referred  to,  where  figures  of  the  ichthyolites  which  are  very  entire  and 
well  preserved,  will  be  found.  Even  a  single  scale  is  usually  so  charac- 
teristically marked  as  to  indicate  the  genus,  and  sometimes  even  the  par- 


dOlouitic  conqlousbatk 


tKolnr  apedcs.     Thej'  are  often  scattered  through  the  betie  singly,  i 
maj  be  useful  to  a  geologist  in  determiniDg  the  age  of  the  rock. 


_  .^    .  _       .  \tdB.    UnilertujftceMf  scale  miL^ffled,    . 

Fig.  Mt  PalironUcn  slaphynu.  Ag.    UnilerBurfcceortMle  nugnlflwL    Mirl 
Fig.  UB.  dWneaoUut  caudalit,  EgertoD.    Bale  iliovlng  gnnnlmUd  Bnr&cn  mi 


.eroUpU  StdffoieUi,  Ag. 


The  in/erhr  Bandslmu  (No.  6,  Tab,  p.  301),  which  lie  beneith  the 
marl-elate,  consist  of  sandstone  and  sand,  separating  the  magnesian  lime- 
rtone  from  the  coal,  in  Yorkshire  and  Durham.  In  some  instances,  red 
marl  and  gyptim  have  been  found  associated  with  these  beds.  They 
have  been  classed  with  the  magiiesian  limestone  by  Professor  Sedgwick, 
as  being  nearly  co-extensive  with  it  in  geographical  range,  though  their 
relations  are  very  obscure.  In  some  regions  we  find  it  statai  that  the 
imbedded  planU  are  ail  speeificaily  identical  with  those  of  the  carbonifer- 
ous aeries  ;  and,  if  so,  they  probably  belong  to  that  epoch  ;  for  the  true 
Permian  flora  appears,  from  the  researches  of  MM.  Murchison  and  de 
Verneiiil  in  Russia,  and  of  Colonel  von  Gutbier  in  Saxony,  to  be,  with 
few  exceptions,  distinct  from  that  of  the  coal  (see  p.  307). 

DolomilU  conglomerate  of  Bn»tol. — Near  Bristol,  in  Somersetshire, 
and  in  other  counties  bordering  tlie  Severn,  the  unconformable  beds  of 
the  Lower  New  Red,  resting  immediately  upon  the  Coal,  consist  of  a 
con^omerate  called  "dolomitic,"  because  the  pebbles  of  older  rocks  are 
cemented  together  by  a  red  or  yellow  base  of  dolomite  or  magnesian 
limestone.  This  conglomerate  or  breccia,  for  the  imbedded  fragments 
are  sometimes  angular,  occurs  in  patches  over  llie  whole  of  the  downs 
near  Bristol,  filling  up  the  hollows  and  irregularities  in  the  mountain 
limestone,  and  being  principally  composed  at  every  sjxit  of  the  debris  of 
those  rocks  on  which  it  immediately  rests.  At  one  point  we  find  pieces 
of  coal  shftle,  in  another  of  mountain  limestone,  recognizable  by  its 
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peculiar  shells  and  zoophytes.    Fractured  bones,  also,  and  teeth  of  sao- 
rians,  are  dispersed  through  some  parts  of  the  breccia. 

These  saurians  (which  until  the  discovery  of  the  ArehegvtsauruM  in  the 
coal  were  the  most  ancient  examples  of  fossil  reptiles)  are  all  distin- 
guished by  having  the  teeth  implanted  deeply  in  the  jaw-bone,  and  iu 
distinct  sockets,  instead  of  being  soldered,  as  in  frogs,  to  a  simple  alvei>- 
lar  parapet  In  the  dolomitic  conglomerate  near  Bristol  the  remains  of 
species  of  tw^o  distinct  genera  have  been  found,  called  ThecodontoMurui 
and  PalcBosaurus  by  Dr.  Kiley  and  Mr.  Stutchbury  ;*  the  teeth  of 
which  are  conical,  compressed,  and  with  finely  serrated  edges  {^^.  348 
and  349). 

Flg.84flL  Fig.  949. 


Tooth  of  Pdl€B09auru$  platyodcn^  Tooth  of  Tkeoodontomnmmf 

Nat  size.  8  times  nagnifioi 


In  Russia,  also,  Thecodont  saurians  occur,  in  beds  of  the  Penniaa  age, 
■of  several  genera,  while  others  named  Protarosaurus  are  met  with  in 
ihe  Zechstein  of  Thuringia.  This  family  of  reptiles  is  allied  to  the  lir- 
ing  monitor,  and  its  appearance  in  a  primary  or  paleozoic  formation, 
•  observes  Mr.  Owen,  is  opposed  to  the  doctrine  of  the  progressive  devel- 
opment of  reptiles  from  fish,  or  from  simpler  to  more  complex  forms : 
for,  if  they  existed  at  the  present  day,  these  monitors  would  take  isnk 
at  the  head  of  the  Lacertian  order.f 

In  Russia  the  Permian  rocks  are  composed  of  white  limestone,  with 
•gypsum  and  white  salt ;  and  of  red  and  green  grits,  with  occasionally 
•copper  ore ;  also  magnesian  limestones,  marlstones,  and  conglomerates. 

The  country  of  Mansfeld,  in  Thuringia,  may  be  called  the  classic 
•ground  of  the  Lower  New  Red,  or  Magnesian  Limestone,  or  Permian 
formation,  on  the  Continent  It  consists  there  principally  of,  first,  the 
Zechstein,.^corre8ponding  to  the  upper  portion  of  our  English  series ;  and, 
secondly,  the  marl-slate,  with  fish  of  species  identical  with  those  of  the 
bed  so  called  in  Durham.  This  slaty  marlstone  is  richly  impregnated 
with  copper  pyrites,  for  which  it  is  extensively  worked.  Magnesian 
'limestone,  gypsum,  and  rock-salt  occur  among  the  superior  strata  of  thi> 
group.     At  its  base  lies  the  Rothliegendes,  supposed  to  correspond  with 

*  See  paper  by  Messrs.  Riley  and  Stutchbury,  GeoL  Trans.  Second  Series  voL 
"T.  p  849,  plate  29,  figures  2  and  6. 

f  Owen,  Report  on  ^Reptilefl|,  British  Assoc  Eleventh  Meeting;  1841,  p.  197. 
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tbfl  Inferior  or  Lower  New  Red  Sandstone  above  mentioned,  which 
occupies  a  gimitar  place  in  England  between  the  marl-alHte  and  coal. 
Its  local  name  of  Rothliegendes,  red-Iyer,  or  "  Roth-lod^liegende(l,"  reJ- 
dead-lifer,  was  giren  by  the  workmen  in  tlie  German  mines  from  ita  red 
color,  and  because  the  copper  has  died  out  when  they  reach  this  rock, 
which  is  not  metalliferous.  It  is,  in  fact,  a  great  deposit  of  red  sandstone 
and  conglomerate,  with  associated  porphyry,  basaltic  trap,  and  amyg- 
daloid. 

Permian  Flora. — We  learn  from  the  rectnt  inTcstigalion  of  Colonel 
Ton  Guthier,  that  in  the  Permian  rocks  of  Saxony  no  less  than  sixty 
species  of  fossil  plants  have  been  met  with,  forty  of  which  have  not  yet 
been  found  elsewhere.  Two  or  three  of  these,  as  Calaittitei  gigm,  Spke- 
nopUris  eroaa,  and  S.  lobata,  are  also  met  with  in  the  government  of 
Perm  in  Russia.  Seven  otliers,  and  among  them  Neuropttri*  Loihii, 
Pecopterit  arborernxM,  and  P.  timilis,  with  severHl  species  of  Walchia 
(Lycopodites),  are  common  to  (he  coal-measures. 

Among  the  genera  also  enumerated  by  Col- 
onel Guthier  are  AnteropkUliUi  and  Annularia, 
BO  ch(irai:teristic  of  the  carboniferous  period ;  also 
Lepidodendron,  which  is  common  to  the  Permian 
of  Saxony,  Tliuringia,  and  Russia,  although  not 
abundant  Norggerathia  (see  fig.  350),  supposed 
by  A.  lirongniart  to  be  allied  to  Cyrai,  is  another 
link  between  the  Permian  and  carboniferous  veg- 
etation. ConiferK,  of  tlie  Araucarian  division, 
also  occur  ;  but  these  are  likewise  met  with  both 
in  older  and  newer  rocks.  The  plants  called 
Sigillaria  and  Stigmaria,  so  marked  a  feature 
in  the  carboniferous  period,  are  as  yet  want- 
ing. 

Among  the  remarkable  fowiils  of  tlie  rotlilie- 
geniles,  or  lowest  jiart  of  the  Pennian  in  Saxony 
and  Hoheniia,  are  the  silidfied  trunks  of  Iree- 
fenis  callei.l  generieally  Psaroniug.  Their  bark 
wjtB  siirmumled  by  a  dense  mass  of  air-roots, 
which  often  constituted  a  great  addition  to  ihe 
orijfinal  stem,  so  as  to  double  or  quadruple 
ita  diameter.  The  same  remark  holds  good  in  regard  to  certain  liv- 
ing extra-tropical  arborescent  ferns,  |wirticularly  those  of  New  Zea- 
land. 

Psaronites  are  also  found  in  the  uppermost  coal  of  Autun  in  France, 
and  in  the  upper  conl-measures  of  the  State  of  Ohio  in  the  United 
States,  but  specifically  different  from  those  of  the  rothliegendea.  They 
•erve  to  connect  ttie  Permian  flora  with  the  more  modem  portion  of  the 


*  If  orcliisoa's  Ruuia,  vol  ij.  pL  A.  Sg.  & 
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preceding  or  carboniferous  group.  Upon  the  whole,  it  is  evident  that 
the  Permian  plants  approach  nearer  to  the  carboniferous  ones  than  tc 
the  triassic ;  and  the  same  may  be  said  of  the  Permian  £Eiuna. 


CHAPTER  XXIV. 

THE  COAL,  OR  CARBONIFEROUS  GROUP 

Carboniferous  strata  in  the  southwest  of  England — Superposition  of  Ck>al-measares 
to  Mountain  limestone — Departure  from  this  type  in  north  of  Ehigland  and 
Scotland — Section  in  South  Wales — Underclays  with  Stigmaria — Carboniferow 
Flora — Ferns,  Lepidodendra,  Catamite^  Asterophyllites,  Sigillaris?,  Stigmaris 
— Coniferae — End(^ens — Absence  of  Exogens — Coal,  how  formed — Erect  f«i8*il 
trees — Parkfield  Colliery — St  Etienne,  Coal-field — Oblique  trees  or  pnags— 
Fossil  forests  in  Nova  Scotia — Brackish  water  and  marine  strata — Origin  of 
Clay-iron-stone 

The  next  group  which  we  meet  with  in  the  descending  order  is  the 
Carboniferous,  commonly  called  "  The  Coal ;"  because  it  contains  many 
beds  of  that  mineral,  in  a  more  or  less  pure  state,  interstratified  with  sand- 
stones, shales,  and  limestones.  The  coal  itself,  even  in  Great  Britain  and 
Belgium,  where  it  is  most  abundant,  constitutes  but  an  insignificant  po^ 
tion  of  the  whole  mass.  In  the  north  of  England,  for  example,  the 
thickness  of  the  coal-bearing  strata  has  been  estimated  at  3000  feet, 
while  the  various  coal-seams,  20  or  30  in  number,  do  not  in  the  aggre- 
gate exceed  60  feet.* 

The  carboniferous  formation  comprises  two  very  distinct  members : 
1st,  that  usually  called  the  Coal-measures,  of  mixed  freshwater,  terres- 
trial, and  marine  origin,  often  including  seams  of  coal ;  2dly,  that  named 
in  England  the  Mountain  or  Carboniferous  limestone,  of  purely  marine 
origin,  and  containing  corals,  shells,  and  encrinites. 

In  the  southwestern  part  of  our  island,  in  Somersetshire  and  South 
Wales,  the  three  divisions  usually  spoken  of  by  the  English  geologists 
are: 

1   P/^oi  m<io.  i  Strata  of  shale,  sandstone,  and  grit,  with  occanonal  seams 

1.  ^.oai-measures     ^      ^^  ^^j^  ^^^  ^^^  ^^  ^2  ^^^^  ^^^^  ^^^^^ 

C  A  coarse  quartzose  sandstone  passing  into  a  conglomerate, 

2.  Millstone  g^it     <      sometimes  used  for  millstones,  with  beds  of  shale  ;  usuaUy 

(      devoid  of  coal ;  occasionally  above  600  feet  thick. 

'p    u,    -f  (A  calcareous  rock  containing  marine  shells  and  corals ;  de- 

LmeVtone  )      ^^^^  ^^  *^*^ '  thickness  varUble,  sometimes  900  feet 

The  millstone  grit  may  be  considered  as  one  of  the  coal  sandstones 

•  Phillips ;  art  **  Geology,''  Encyc.  Britan. 
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of  coarser  texture  than  usual,  with  some  aocompan3ring  shales,  in  which 
coal  plants  are  occasionally  found.  In  the  north  of  England  some  bands 
of  limestone,  with  pectens,  oysters,  and  other  marine  shells,  occur  in  this 
grit,  just  as  in  the  regular  coal-measures,  and  even  a  few  seams  of  coal. 
I  shall  treat,  therefore,  of  the  whole  group,  as  consisting  of  two  divisions 
only,  the  Coal-measures  and  Mountain  Limestone.  The  latter  is  found 
in  tlie  southern  British  coal-fields,  at  the  base  of  the  system,  or  imme- 
diately in  contact  with  the  subjacent  Old  Red  Sandstone;  but  as  we 
proceed  northwards  to  Yorkshire  and  Northumberland  it  begins  to  alter- 
nate with  true  coal-measures,  the  two  deposits  forming  together  a  series 
of  strata  about  1000  feet  in  thickness.  To  this  mixed  formation  succeeds 
the  great  mass  of  genuine  mountain  limestone.*  Farther  north,  in  the 
Fifeshire  coal-field  in  Scotland,  we  obser\'e  a  still  wider  departure  from 
the  type  of  the  south  of  England,  or  a  more  complete  intercalation  of 
dense  masses  of  marine  limestones  with  sandstones,  and  shales  contain- 
ing coal. 


COAL-MEASURES. 

In  South  Wales  the  coal-measures  have  been  ascertained  by  actual 
measurement  to  attain  the  extraordinary  thickness  of  12,000  feet,  the 
beds  throughout,  with  the  exception  of  the  coal  itself,  appearing  to  have 
been  formed  in  water  of  moderate  depth,  during  a  slow  but  perhaps  in 
termittent  depression  of  the  ground,  in  a  region  to  which  rivers  were 
bringing  a  never-failing  supply  of  muddy  sediment  and  sand.  The  same 
area  was  sometimes  covered  with  vast  forests,  such  as  we  see  in  the  deltas 
of  great  rivers  in  warm  climates,  which  are  liable  to  be  submerged  beneath 
fresh  or  salt  water  should  the  ground  sink  vertically  a  few  feet. 

In  one  section  near  Swansea  in  South  Wales,  where  the  total  thick- 
ness of  strata  is  3246  feet,  w^  learn  from  Sir  II.  De  la  Beche  that  there 
are  ten  principal  masses  of  sandstone.  One  of  these  is  500  feet  thick, 
and  the  whole  of  them  make  together  a  thickness  of  2125  feet  They 
are  separated  by  masses  of  shale,  varying  in  thickness  from  10  to  50  feet 
The  intercalated  coal-beds,  sixteen  in  number,  are  generally  from  1  to 
5  feet  thick,  one  of  them,  which  has  two  or  three  layers  of  clay  inter- 
posed, attaining  9  feetf  At  other  points  in  the  same  coal-field  the  shales 
predominate  over  the  sandstones.  The  horizontal  extent  of  some  seams 
of  coal  is  much  greater  than  that  of  others,  but  they  all  present  one 
characteristic  feature,  in  having,  each  of  them,  what  is  called  its  under- 
clay.  These  underclays,  co-extensive  with  every  layer  of  coal,  consist  of 
arenaceous  shale,  sometimes  called  fire-stone,  because  it  can  be  made  into 
bricks  which  stand  the  fire  of  a  furnace.     They  vary  in  thickness  from 

♦  Sedgwick,  GeoL  Trans.  Second  Series,  vol  iv. ;  and  Phillips,  Geol.  of  Yorksh. 
part  2. 

^  Memoirs  of  GeoL  Survey,  voL  L  pb  196. 
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6  inches  to  more  than  10  feet;  and  Mr.  Logan  first  announced  to  the 
scientific  world  in  1841  that  thej  were  regarded  by  the  colliers  in  South 
Wales  as  an  essential  accompaniment  of  each  of  the  one  hundred  seams 
of  coal  met  with  in  their  coal-field.  They  are  said  to  form  the  fioor 
on  which  the  coal  rests ;  and  some  of  them  have  a  slight  admixture  of 
carbonaceous  matter,  while  others  are  quite  blackened  by  it 

All  of  them,  as  Mr.  Logan  pointed  out,  are  characterized  by  inclosing 
a  peculiar  species  of  fossil  vegetable  called  Stigmaria^  to  the  exclusion 
of  other  plants.  It  wjis  also  observed  that,  while  in  the  overlying  shales 
or  "  roof"  of  the  coal,  ferns  and  trunks  of  trees  abound  w^ithout  any 
Stigmarice^  and  are  flattened  and  compressed,  those  singular  plants  in 
the  undcrclays  always  retain  their  natural  forms,  branching  freely,  and 
sending  out  their  slender  leaves,  as  tliey  were  formerly  styled,  through 
the  mud  in  all  directions.  Several  species  of  Stigmaria  had  long  been 
known  to  botanists,  and  described  by  them,  before  their  position  under 
each  seam  of  coal  was  pointed  out.  It  was  conjectured  that  they  might 
be  aquatic,  perhaps  floating  plants,  which  sometimes  extended  their 
branches  and  leaves  freely  in  fluid  mud,  and  which  were  finally  enveloped 
in  the  same  mud. 


CARBONIFEROUS    FLORA. 

These  statements  will  suflSce  to  convince  the  reader  that  we  cannot 
arrive  at  a  satisfactory  theory  of  the  origin  of  coal  till  we  understand  the 
true  nature  of  Stigmaria;  and  in  order  to  explain  what  is  now  known 
of  this  plant,  and  of  others  which  have  contributed  by  their  decay  to 
j)roduce  coal,  it  will  be  necessary  to  offer  a  brief  preliminary  sketdi  ef 
the  whole  carboniferous  flora,  an  assemblage  of  fossil  plants,  with  wlodi 
we  are  better  acquainted  than  with  any  other  which  flourished  anteoe^* 
dently  to  the  tertiary  epoch.  It  should  also  be  remarked  that  GOpp^ 
has  ascertained  that  the  remains  of  every  family  of  plants  scattMf 
through  the  coal-measures  are  sometimes  met  with  in  the  pure  coal  fl^ 
self,  a  fact  which  adds  greatly  to  the  geological  interest  attacked  li 
this  flora.  * 

Ferns, — The  number  of  species  of  carboniferous  plants  hitherto  4l»' 
scribed  amounts,  according  to  M.  Ad.  Brongniart,  to  about  600.  ThM^ 
may  perhaps  be  a  fragment  only  of  the  entire  flora,  but  they  ar«  enovif^ 
to  show  that  the  state  of  the  vegetable  w^orld  was  then  extremely  dif- 
ferent from  that  now  established.  We  are  struck  at  the  first  glance 
with  the  similarity  of  many  of  the  ferns  to  those  now  living,  and  the 
dissimilarity  of  almost  all  the  other  fossils  except  the  conifene.  Among 
the  ferns,  as  in  the  case  of  Pecopteris^ ior  example  (fig.  351),  it  is  not 
always  easy  to  decide  whether  they  should  be  referred  to  different  gen- 
era from  thase  established  for  the  classification  of  living  species ;  where- 
as, in  regard  to  most  of  the  other  contemporary  tribes,  with  the  ex- 
ception of  the  coniferae,  it  is  often  diflScult  to  guess  the  family,  or  even 
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the  class,  to  which  they  belong.  The  ferns 
of  the  carboniferous  period  are  generally 
witliout  orgims  of  fructification,  but  in  some 
specimens  these  are  well  preserved.  In  the 
general  absence  of  such  characters,  they 
have  been  divided  into  genera,  distinguished 
chiefly  by  the  branching  of  the  fronds,  and  the 
wny  in  which  the  veins  of  the  leaves  are  dis- 
posed. Thelargerportionaresupposcdtohave 
been  of  the  size  of  ordinary  European  ferns, 
but  some  were  decidedly  arborescent,  espe- 
raally  the  group  called  CaulopUris,  by  Lind- 
ley,  and  the  Psaroniui  of  the  upper  or  new- 
est coal-measures,  before  alluded  to  (p.  307). 
AH  the  recent  tree-ferns  belong  to  one 
tribe  (PtAypodiacea),  and  to  a  small  num- 
ber only  of  genera  in  that  tribe,  in  which 
the  surface  of  the  trunk  is  marked  witli  scars  or  cicatrices,  left  after  the 
fall  of  tlie  fronds.  These  scare  resemble  those  of  Caitlopleru  {see  fig. 
353).  No  less  than  250  fema  have  already  been  obtained  from  tiie  coal 
strata;  and  even  if  we  malce  some  reduction  on  the  ground  of  varieties 
which  have  been  mistaken,  in  the  absence  of  their  fructification,  for 
species,  still  the  result  is  singular,  because  the  whole  of  Europe  affords 
at  present  no  more  than  50  indigenous  species. 
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LBPIDODENBBA. 


Lepidodmdra. — These  fossila  belong  to  the  family  of  Lyeopodinm*, 
yet  most  of  them  grew  to  the  aize  of  large  trees.  The  annexed  fignm 
repreeent  a  large  fossil  Lepdodendron,  49  feet  long,  foQnd  in  Jarrow 


Collieiy,  near  Newcastle,  lying  in  shale  parallel  to  the  planes  of  Btratifi- 
catjon.  Fragments  of  othera,  found  in  the  same  disle,  indicate,  by  the 
size  of  the  rhomboidal  scan  which  cover  them,  a  sdll  greater  ra^nitnde. 
The  iinng  club-mosses,  of  wbidi  there  are  about  200  q>edeB,  an  abnn- 


EQUISETACKS. 


(lant  in  tropical  climntes,  where  one  species  id  sometimes  met  with  at- 
Uining  a  lieiglit  of  3  feet  They  usually  creep  on  tiie  ground,  but  some 
aland  erect,  aii  the  L.  dentum,  from  New  Zealand,  (fi^.  300), 

In  the  cartxjniferous  stnita  of  Coalbrook  Dale,  and  in  many  other  coal- 
fields, elongated  cylindrical  bodicH,  called  fossil  cones,  named  by  M. 
Adolphe  Brongninrt,  Lepidostrobus,  are  met  with.      (See   fig.  361.) 


L/pldottFoInu  omotut,  Bnii 


They  often  form  tlie  nucleus  of  concretion iiry  lialls  of  clay-iron-stone, 
and  are  well  preservetl,  eihibitiiig  a  coniwd  axis,  around  which  ii  great 
quantity  of  scales  were  compactly  imbricated.  The  opinion  of  M. 
Brongniart  is  now  generally  adopted,  that  the  Lepidoslrohui  is  the  finit 
of  Ltpidodendron, 

Equitetaeea. — To  this  family  belong  two  species  of  the  genus  JEqut- 
tetiUi,  allied  to  tlie  living  "  horse-tail"  which  now  grows  in  marshy 
grounds.     Other  species,  which  have  jointed  stems,  depart  more  widely 
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from  Eguuetum,  but  are  yet  of  ana)<^UB  orgaDization.  They  diffat^ 
from  it  principally  in  being  furnished  with  a  thin  bark,  Khidi  is  rqxe- 
sented  in  tlio  st«m  of  C.  Suelamii  (fig.  363),  io  which  it  will  be  aea 
that  the  striped  external  pattern  does  not  agree  with  tbnt  ]eft  <m  ihf 
stone  where  the  bark  is  stripped  off;  bo  that  if  tlie  two  impresaioiu  wM 
tteen  separately,  they  might  be  miatakea  for  two  distinct  spedes. 

The  tallest  Itnng  "  borse-taiU"  are  only  2  or  3  feet  high  in  Enopaj 
nnd  even  in  tropical  climates  only  attain,  as  in  the  case  of  .fi^Artww 
piffanleum,  discovered  by  Humboldt  and  BoDpland,  iu  South  Ametic*)  U 
height  of  about  5  feet,  the  stem  being  an  inch  in  diameter.  Serenl  tt 
the  Calainilcs  of  the  coal  acquired  the  height  and  dimensions  of  Em■^' 

AaterophijUites. — In  this  family,  M.  Brongniart  includes  several  genen, 
and  among  them  Calamodendron,  Asleropfir/lUtes,  and  Annvlaria.  TTu 
graceful  plant,  represented  in  the  annexed  figure,  is  supposed  to  be  s 
branch  of  a  shrub  called  Calamodendron,  a  new  genus,  divided  off  by 
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Brongniart  from  the  Calamiks  of  former  authors.  Its  pith  and  medul- 
lary rays  seein  to  show  that  it  was  dicotyledonous,  and  it  ai>pear8  to  have 
l)een  allied,  by  tlie  nature  of  its  tissue,  to  the  gymnogeus,  or  still  more, 
to  tlie  Sii/illaria,  which  will  next  be  mentioned. 

Siffillaria, — A  large  portion  of  the  trees  of  the  carboniferous  period 
belonged  to  this  genus,  of  which  about  thirty-five  species  are  known. 
The  structure,  both  internal  and  external,  was  very  peculiar,  and,  with 
reference  to  existing  types,  very  anomalous.  They  were  fonnerly  referred, 
by  M.  Ad.  Brongniart,  to  ferns,  which  they  resemble  in  the  scalarifonu 
texture  of  their  vessels,  and,  in  some  degree,  in  the  form  of  the  cicatrices 
lelt  by  the  base  of  the  leaf-stnlks  which  have  fallen  off  (see  fig.  3S5). 
But  with  these  points  of  analogy  to  cryptogamia,  they  combine  an  in- 
ternal organization  much  resembling  that  of  cycads,  and  some  of  them 
are  ascertained  to  have  had  long  linear  leaves,  quite  unlike  those  of 
ferns.  They  grew  to  a  great  height,  from  SO  to  60,  or  even  70  feet, 
with  r^^lar  cylindrical  stems,  and  without  branches,  although  some 
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Bpecies  were  dichoUtmous  towards  the  top. 
Their  fluted  trunks,  ttom  1  to  S  feet  in  di- 
ameter, appear  to  liavc  decayed  rapidly  in 
the  interior,  eo  as  to  become  hollow,  when 
Btanding ;  when,  therefore,  they  were  thrown 
pruiilrate  on  the  mud,  they  were  gquoezed 
down  and  flattened.  Hence,  we  find  the 
bark  of  the  two  opposite  sides  {now  con- 
verted into  briglit  shining  coal)  to  consti- 
tute two  liorizoiital  layers,  one  upon  tlie 
other,  lialf  an  inch,  or  an  inch,  in  thick- 
ness. Hiese  same  trunks,  when  they  are 
pla<.-e<l  oblii)Ufly  or  vertically  to  the  planes 
of  stratification,  retain  their  original  rounded 
funn,  and  are  nnconi]>ressed,  tiie  cylinder  of 
hark  having  been  filled  witli  sand,  which 
now  affords  a  cast  of  tlie  interior. 
Stiflitiaria. — This  fossil,  tlio  importance  of  which  has  already  been 
I)ointe<J  out,  was  formerly  conjectured  to  be  an  aquatic  plant  It  is  now 
aarerlained  to  be  the  root  of  Sigillaria.  The  connection  of  the  roota 
with  the  stem,  previously  suspected,  on  botanical  grounds,  by  Brongniart, 
was  first  proved,  by  actual  contact,  in  the  Lancashire  coal-field,  by  Mr. 
Binney.  The  fact  has  lately  been  shown,  even  more  distinctly,  by  Mr, 
Richard  Brown,  in  his  description  of  the  Sligmaria  occurring  in  the  un- 
derdays  of  the  coal-seams  of  tlie  Island  of  Cape  Breton,  in  Nova  Scotia. 

Fl(.  !«. 
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In  a  specimen  of  one  of  these,  represented  in  the  annexed  figure  (fig. 
366),  the  spread  of  the  roots  was  10  feet,  and  some  of  them  sent  out 
rootleta,  in  alt  directions,  into  the  surrounding  clay. 

The  manner  of  attachment  of  tlie  fibres  to  the  stem  resembles  that  of 
H  ball  and  socket  joint,  the  base  of  each  rootlet  being  concave,  and  fitting 
on  to  a  tubercle  (see  figs.  867  and  368).  Rows  of  these  tubercles  are 
amnged  spirally  round  each  root,  which  have  always  a  medullary  cavity 


*  Tbe  trunk  in  this  cue  is  rsferred  bj  Mr.  Brnwn  U>  Lfpido^ndrort,  but 
'ostrations  seem  to  ibow  the  uaual  marking!  SBBumed  by  Sigillarii 
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Fig.  B«.  —  - 


and  woody  texture,  much  resembling  that  of  Siffillaria,  the  Btructur*  of 
the  vessels  being,  like  it,  gcalarilbrm. 

Coni/ws.— The  coniferous  trees  of  this  period  are  referred  to  five  gen- 
era ;  the  woody  structure  of  some  of  them  showing  that  they  were  alli«d 
to  the  Araucarian  dinsion  of  pines,  more  than  to  any  of  our  coramon 
European  firs.     Some  of  their  trunks  exceeded  44  feet  in  height. 

Endoyms. — Hitherto  but  few  monocotyledon ous  plants  have  been 
discovered  in  the  coal-strata.  Most  of  these  consist  of  fruits  referred  bj 
some  botanists  to  palms.  The  three-sided  nuts,  called  Triijonocarpum, 
seven  species  of  which  arc  known,  appear  to  have  the  beat  claim  to  rank 
as  palms,  although  M.  Ad.  Itrongniart  entertains  some  doubt  even  aato 
their  being  monocotyledons. 

Eiogmi. 

The  entire  absence,  so  far  as  our  paleontologieal  investigations  have 
hitherto  gone,  of  ordinary  dicotyledons  or  exogens  in  the  coal  measures, 
b  most  reninrkable.  Hence,  M.  Adolphe  Brongniart  has  called  this 
period  the  age  of  acrogens,  in  consequence  of  tlie  vast  preponderance  of 
ferns  and  Jjepidodendra*  Nevertheless,  a  forest  of  the  period  now  under 
consideration,  may  liave  borne  a  considerable  resemblance  to  those  woody 
regions  of  New  Zealand,  in  which  ferns,  arborescent  and  herbaceous,  and 
lycopodiums,  with  many  coniferie,  abound. 

The  comparative  proportion  of  liring  ferns  and  Arautarta,  in  Norfolk 
Island,  to  all  the  other  plants,  appears  to  be  very  similar  to  that  formerly 
borne  by  these  tribes  respectively  in  a  forest  of  the  coal-period. 

I  have  already  stated  that  Professor  Giipiiert,  after  examining  the  fossil 
vegetables  of  the  coal-fields  of  Germany,  has  detected,  in  beds  of  pure 
coal,  remains  of  plants  of  every  family  hitherto  known  to  occur  fossil  in 
the  coal.  Many  seams  he  remarks,  are  rich  in  Sigillaria,  Lepidodndron, 
and  Stigmaria,  the  latter  in  such  abundance,  as  to  appear  to  form  tlie 
bulk  of  the  coal.  In  some  places,  almost  all  the  plants  are  caUmites,  in 
others  fems-t 

*  For  termisolog;  ofdauificatioii  of  plants,  lee  above,  note,  p.  SS8. 
t  QubtL  GeoL  Joura  vol  r.  M«in.  p.  17. 
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Coal — howformeA — Erect  trees, — I  shall  now  consider  the  manner  in 
which  the  abore-mentioned  plants  are  imbedded  in  the  strata,  and  how 
they  may  have  contributed  to  produce  coal.  '^  Some  of  the  plants  of 
our  cual,^  says  Dr.  Buckland,  **  grew  on  the  identical  banks  of  sand,  silt, 
and  mud,  which,  being  now  indurated  to  stone  and  shale,  form  the  strata 
that  iiocampany  the  coal ;  whilst  otlier  portions  of  these  plants  have 
been  drifted  to  various  distances  from  the  swamps,  savannalis,  and  forests 
thtft  gave  them  birth,  particularly  tliose  that  are  dispersed  through  the 
BBudstooes,  or  mixed  with  fishes  in  tlie  shale  beds."  "At  Balgray,  three 
miles  north  of  Glasgow,"  says  tlie  same  author,  "  I  saw  in  the  year  1824, 
as  there  still  may  be  seen,  an  unequivocal  example  of  the  stumps  of  sev- 
eral stems  of  large  trees,  standing  close  together  in  their  native  place,  in 
a  quarry  of  sandstone  of  the  coal  formation."* 

Between  the  years  1837  and  1840,  six  fossil  trees  were  discovered  in 
the  coal-field  of  Lancashire,  where  it  is  intersected  by  tlie  Bolton  rail- 
way. They  were  all  in  a  vertical  position,  with  respect  to  the  plane  of 
the  bed,  which  dips  about  1 5^  to  the  south.  The  distance  between  the 
first  and  the  last  was  more  than  100  feet,  and  the  roots  of  all  were  im- 
bedded in  a  soft  argillaceous  shale.  In  the  same  plane  with  the  roots 
is  a  bed  of  coal,  eight  or  ten  inches  thick,  which  has  been  ascertained 
to  extend  across  the  railway,  or  to  tlie  distance  of  at  least  ten  yards. 
Juat  above  the  covering  of  the  roots,  yet  beneath  the  coal  seam,  so  large 
a  quantity  of  the  Lepidostrobus  variabilis  was  discovered  inclosed  in  nod- 
ules of  hard  clay,  that  more  than  a  bushel  was  collected  from  the  small 
openings  around  the  base  of  the  trees  (see  figure  of  this  genus,  p.  313). 
The  exterior  trunk  of  each  was  marked  by  a  coating  of  friable  coal,  va- 
rying from  one-quarter  to  three-quarters  of  an  inch  in  thickness  ;  but  it 
crumbled  away  on  removing  the  matrix.  The  dimensions  of  one  of 
the  trees  is  15^  feet  in  circumference  at  the  base,  7^  feet  at  the  top,  its 
height  being  1 1  feet  All  the  trees  have  large  spreading  roots,  solid 
and  strong,  sometimes  branching,  and  traced  to  a  distance  of  several 
feet,  and  presumed  to  extend  much  farther.  Mr.  Hawkshaw,  who  has 
described  these  fossils,  thinks  that,  although  they  were  hollow  when 
submerged,  they  may  have  consisted  originally  of  hard  wood  through- 
o«l ;  for  solid  dicotyledonoas  trees,  when  prostrated  in  tropical  forests, 
as  in  Venezuela,  on  the  sliore  of  tlie  Caribbean  Sea,  were  observed  by 
him  to  be  destroyed  in  the  interior,  so  that  little  more  is  left  than  an 
outer  shell,  consisting  chiefly  of  the  bark.  This  decay,  he  says,  goes  on 
most  rapidly  in  low  and  fiat  tracks,  in  which  there  is  a  deep  rich  soil 
and  excessive  moisture,  supporting  tall  forest-trees  and  large  palms,  be- 
low which  bamboos,  canes,  and  minor  palms  flourish  luxuriantly.  Such 
tracts,  from  their  lowness,  would  be  most  easily  submerged,  and  their 
dense  vegetation  might  then  give  rise  to  a  seam  of  coal.f 

In  a  deep  valley  near  Capel-Coelbren,  branching  from  the  higher 

*  AniUT.  Address  to  OeoL  Soc.  1840. 

t  Hawkshaw,  OeoL  Soc  Proceedings,  Not.  64  and  69. 
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part  of  the  Swansea  valley,  four  stems  of  upright  SigiUarim  were  seen, 
in  1838,  piercing  through  the  coal-measures  of  S.  Wales;  one  of  them 
was  2  feet  in  diameter,  and  one  13  feet  and  a  half  high,  and  they  were 
all  found  to  terminate  downwards  in  a  bed  of  coal.  "  They  appear,^ 
says  Sir  II.  De  la  Beche,  "  to  have  constituted  a  portion  of  a  subterranean 
forest  at  the  epoch  when  the  lower  carboniferous  strata  were  fonned."* 

In  a  colliery  near  Newcastle,  say  the  authors  of  the  Fossil  Flora,  a 
great  number  of  Sigillarioe  were  placed  in  the  rock  as  if  they  had  re- 
tained the  position  in  which  they  grew.  Not  less  than  thirty,  some  of 
them  4  or  5  feet  in  diameter,  were  visible  within  an  area  of  50  yards 
square,  the  interior  being  sandstone,  and  the  bark  having  been  converted 
into  coal.  The  roots  of  one  individual  weie  found  imbedded  in  shale; 
and  the  trunk,  after  maintaining  a  perpendicular  course  and  circular  form 
for  the  height  of  about  10  feet,  was  then  bent  over  so  as  to  become  hor- 
izontal. Here  it  was  distended  laterally,  and  flattened  so  as  to  be  only 
one  inch  thick,  the  flutings  being  comparatively  distinct.f  Such  vertical 
stems  are  familiar  to  pur  miners,  under  the  name  of  coal-pipes.  One  of 
them,  72  feet  in  length,  was  discovered,  in  1829,  near  Gosforih,  about 
five  miles  from  Newcastle,  in  coal-grit,  the  strata  of  which  it  penetrated. 
The  exterior  of  the  trunk  was  marked  at  intervals  with  knots,  indicating 
the  points  at  which  branches  had  shot  oft'.  The  wood  of  the  interior 
had  been  converted  into  carbonate  of  lime ;  and  its  structure  was  beaa- 
tifully  shown  by  cutting  transverse  slices,  so  thin  as  to  be  transparent 
(See  p.  40.) 

These  "  coal-pipes"  are  much  dreaded  by  our  miners,  for  almost  eveiT 
year  in  the  Bristol,  Newcastle,  and  other  coal-fields,  they  are  the  cauae 
of  fatal  accidents.  Ejich  cylindrical  cast  of  a  tree,  formed  of  solid  sand- 
stone, and  increasing  gradually  in  size  towards  the  base,  and  being  with* 
out  branches,  has  its  whole  weight  thrown  downwards,  and  receives  no 
support  from  the  coating  of  friable  coal  which  has  replaced  the  baik. 
As  soon,  therefore,  as  the  cohesion  of  this  external  layer  is  overcome,  the 
heavy  column  falls  suddenly  in  a  perpendicular  or  oblique  direction  from 
the  roof  of  the  gallery  whence  coal  has  been  extracted,  wounding  or  kill- 
ing the  workman  who  stands  below.  It  is  strange  to  reflect  how  many 
thousands  of  these  trees  fell  originally  in  their  native  forests  in  obe- 
dience to  the  law  of  gravity ;  and  how  the  few  which  continued  to  stand 
erect,  obeying,  after  myriads  of  ages,  the  same  force,  are  cast  down  to 
immolate  their  human  victims. 

It  has  been  remarked,  that  if,  instead  of  working  in  the  dark,  th« 
miner  was  accustomed  to  remove  the  upper  covering  of  rock  from  each 
seam  of  coal,  and  to  expose  to  the  day  the  soils  on  which  ancient  forests 
grew,  the  evidence  of  their  former  growth  would  be  obvious.  Thus  in 
South  Staffordshire  a  seam  of  coal  was  laid  bare  in  the  year  1 844,  in 
what  is  called  an  open  work  at  Parkfield  Colliery,  near  Wolverhanip- 

♦  Geol.  Report  on  Cornwall,  Ac.  p.  148. 

f  Lindley  and  Huttoo,  Fo68.'Fla  part  6,  p.  160. 
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ton.  In  the  space  of  about  a  quarter  of  an  acre  the  stumps  of  no  less 
than  73  trees  with  their  roots  attached  appeared,  as  shown  in  the  an- 
nexed plan  (fig.  369),  some  of  them  more  than  8  feet  in  circumference. 

Fig.8e9. 


Groand-plAii  of  a  IbMil  forest,  Parkfleld  Collieiy,  netr  Wolverhampton, 
showing  the  position  of  78  trees  in  a  quarter  of  an  acre.* 

The  trunks,  broken  off  close  to  tlie  root,  were  lying  prostrate  in  every 
direction,  often  crossing  each  other.  One  of  them  measured  15,  another 
30  feet  in  length,  and  others  less.  They  were  invariably  flattened  to 
the  thickness  of  one  or  two  inches,  and  converted  into  coal.  Their  roots 
formed  part  of  a  stratum  of  coal  10  inches  thick,  which  rested  on  a 
layer  of  clay  2  inches  thick,  below  which  was  a  second  forest,  resting  on 
a  2  foot  seam  of  coal.  Five  feet  below  this  again  was  a  third  forest 
with  large  stumps  of  Lepidodendra^  Calamites^  and  other  trees. 

In  the  account  given,  in  1821,  by  M.  Alex.  Brongniart  of  the  coal- 
mine of  Treuil,  at  St.  Etienne,  near  Lyons,  he  stiites,  that  distinct  hori- 
zontal strata  of  micaceous  sandstone  are  traversed  by  vertical  trunks  of 
monocotyledonous  vegetables,  resembling  bamboos  or  large  Equiseta.^ 
Since  the  consolidation  of  the  stone,  there  has  been  here  and  there  a 
sliding  movement,  which  has  broken  the  continuity  of  the  stems,  throw- 
ing the  upper  parts  of  them  on  one  side,  so  that  they  are  oft«n  not  con- 
tinuous with  tlie  lower. 

From  these  appearances  it  was  inferred  that  we  have  here  the  monu* 
ments  of  a  submerged  forest.  I  formerly  objected  to  this  conclusion, 
suggesting  that,  in  that  case,  all  the  roots  ought  to  have  been  found  at 
one  and  the  same  level,  and  not  scattered  irregularly  through  the  mass. 
I  also  imagined  that  the  soil  to  which  the  roots  were  attached  should 
have  been  different  from  the  sandstone  in  which  the  trunks  are  inclosed. 
Having,  however,  seen  calamites  near  Pictou,  in  Nova  Scotia,  buried  at 
various  heights  in  sandstone  and  in  similar  erect  attitudes,  I  have  now 
little  doubt  that  M.  Brongniart's  view  was  correct.  These  plants  seem 
to  have  grown  on  a  sandy  soil,  liable  to  be  flooded  from  time  to  time, 

*  See  papers  by  Messrs.  Beckett  and  Ick.    Proceed  in  GeoL  Soc.  vol  ir.  p  287. 
f  Aiuiales  des  Mines,  1821. 
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and  raised  hy  new  nccessions  of  Bediment,  ae  may  linppen  in  swamps 
near  the  baaks  of  a  hirgo  river  in  ita  delta,  TriHs  which  detigbt  in 
marslif  grounds  are  not  injured  by  being  buried  several  feet  deep  at 
their  base ;  and  oUicr  trees  are  continually  rising  up  from  new  soih, 
several  feet  above  the  level  of  the  ori^nal  foundations  of  the  mors«. 
In  the  banks  of  the  Mississippi,  when  the  water  has  fallen,  1  have  seen 
sections  of  a  similar  deposit  in  which  portions  of  the  stumps  of  trees 
with  their  roots  in  «'(«  appeared  at  many  different  heig;hK* 

When  I  visited,  in  1843,  the  quarries  of  Treuil  above-mentioned,  the 
fossil  trees  seen  in  fig.  370  were  removed,  but  1  obtained  proofs  of  other 
fbreets  of  erect  trees  in  tlie  same  coal-field. 

Snafft. — In  1830,  a  slanting  trunk  was  exposed  in  Craigleith  quanr. 
near  Edinburgh,  the  total  length  of 


Fig.  an. 


looHntd  podtlon  oft  IbwII  tno.  citlting  throngti 
faarlEonUl  bed>  of  auditone,  CnJilefUi  qur- 
Tf.  Edlcbiugh.    Angle  of  Lnelln^on  from  a 


which  exceeded  CO  feet  Its  dia: 
eter  at  tlie  top  was  about  7  inches, 
and  near  the  base  it  measured  5 
feet  in  ita  greater,  and  2  feet  in  iu 
lesser  width.  The  bark  was  con- 
verted into  a  thin  coating  of  the 
purest  and  finest  coal,  forming  a 
striking  contrast  in  color  with  the 
white  quartzose  sandstone  in  which 
it  lay.  The  annexed  figure  repre- 
sente  a  portion  of  this  tree,  about 
15  feet  long,  which  I  saw  exposed 
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in  1830,  when  kU  the  atraU  had  been  removed  from  one  side.  The 
beds  which  remained  vere  so  unaltered  and  undisturbed  at  the  point  of 
junction,  as  clearly  to  ehow  that  they  had  been  tranquilly  deposited 
round  the  tree,  and  that  the  tree  had  not  Hutwequently  pierced  through 
them,  while  they  wore  yet  in  a  soft  slate.  They  were  composed  chiefly 
of  siliceous  eandstone,  for  the  most  pnrt  while;  and 
divided  into  lamina^  so  thin,  that  from  six  to  fourteen 
of  them  might  be  reckoned  in  the  tliickiiess  of  an 
inch.  Some  of  these  thin  layers  were  dark,  and 
contained  coaly  matter ;  but  tlie  lowest  of  the  in- 
tersected beds  were  calcareous.  The  tree  could  not 
have  been  hollow  when  imbedded,  for  the  interior 
still  preserved  the  woody  texture  in  a  perfect  state, 
the  petrifying  raHttcr  being,  for  the  most  part,  cfilca- 
reoiis.*  It  ia  also  clear,  that  the  lapidifying  matter 
was  not  introduced  laterally  from  the  strata  tlirough 
which  tlie  fossil  piiages,  as  most  of  these  were  not 
calcareoua.  It  is  well  known  that,  in  the  Mississippi 
and  other  great  American  rivers,  where  thousands  of 
trees  float  annually  down  the  stream,  some  sink 
with  their  roots  downwards,  and  become  fixed  in  the 
mud.  Thus  placed,  they  have  been  compared  to  a 
lance  in  rest,  and  so  often  do  they  pierce  through  the 
bows  of  vessels  which  run  against  them,  that  they 
render  the  navigation  extremely  dangerous.  Mr.  Hu^ 
Miller  mentions  four  other  huge  trunks  exposed  in 
quarries  near  Edinburgh,  which  lay  diagonally  acioas 
the  strata  at  an  angle  of  about  30°,  with  their  lower 
or  heavier  portions  downwards,the  roots  ofall,  save  one, 
rubbed  off  by  attrition.  One  of  these  was  60  and  an- 
other 70  feet  in  length,  and  from  4  to  6  feet  in  diameter. 
The  number  of  years  for  which  the  trunks  of  treea, 

i«    ■,      2  s     when  constantly  submerged,  can  resist  decomposition, 
\  *     is  very  great;  as  we  might  suppose  from  the  durability 

ofwood,in  artificial  piles,  permanently  covered  by  water. 
Ilence  these  fossil  snags  may  not  imply  a  rapid  accumu- 
lation of  beds  of  eand,  although  the  channel  of  a  river  or 
part  of  a  lagoon  is  often  filled  up  in  a  very  few  years. 

Nova  Seolia. — One  of  the  finest  examples  in  the 
world  of  a  succession  of  fossil  forests  of  the  carboniferous 
period,  laid  open  to  view  in  a  natural  section,  is  that 
seen  in  the  lofty  cliffs  bordering  the  Chignecto  Chan- 
nel, a  branch  of  the  Bay  of  Fundy,  in  Nova  Scotia.f 


*  Sm  flgnret  of  texture,  Wltham,  Fon.  TegeL  pi  S. 
f  Bee  LjelTt  TraveU  in  S.  America,  nJ.  iL  p^  110. 
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In  the  aoDexed  B«ctioD  (fig;.  372),  vhich  I  examined  in  July,  1B4!, 
the  beds  from  f  U>  t  are  seen  alt  dipping  the  same  vnj,  their  arengt 
inclination  being  at  an  angle  of  24°  S.  S.  W.  The  vertical  heght  of  dt» 
clitls  is  front  150  to  200  feet ;  and  between  d  and  ff,  in  which  space  I 
obeeryed  seventeen  trees  in  an  upright  position,  or,  to  apeak  more  tat- 
rectly,  at  right  angles  to  the  planes  of  stratification,  I  counbjd  nineteen 
seams  of  coal,  varying  in  thickness  from  2  inchea  to  4  feet.  At  low  tide 
&  Sue  horizontal  section  of  the  same  beds  is  exposed  to  view  on  the 
beach.  The  thickness  of  the  beds  alluded  to,  between  d  and  ff,  is  about 
2500  k-et,  the  erect  trees  consisting  chiefly  of  large  Sitjillarice,  occumng 
at  ten  distinct  levels,  one  above  the  other;  but  Mr.  Logan,  who  tiiUsr- 
wM^s  made  a  more  detailed  surrey  of  the  same  line  of  cli&,  found  erect 
trees  at  seventeen  levels,  extending  through  a  vertical  thickness  of  4315 
feet  of  strala ;  and  he  estimated  the  total  thickness  of  the  carbonifentH 
formation,  with  and  without  coal,  at  no  less  than  14,570  feet,  everywhen 
devoid  of  marine  organic  remains.*  The  usual  height  of  the  bmvd 
trees  seen  by  me  was  from  8  to  8  feet ;  but  one  trunk  was  about  25  fe«t 
high  and  4  feet  in  diameter,  with  a  considerable  bulge  at  the  base,  hi 
no  instiince  could  I  detect  any  trunk  intersecting  a  layer  of  coal,  how- 
ever thin ;  and  most  of  the  trees  terminated  downwards  in  seams  of  coiL 
Borne  few  only  were  based  in  clay  and  shale,  none  of  them  in  sandstone. 
The  erect  trees,  therefore,  appeared  in  general  to  have  grown  on  bedi  of 
coal.     In  some  of  the  underclnys  I  observed  Stigmaria. 

In  regard  to  the  plants,  they  belonged  to  the  same  genera,  and  mod 
of  them  to  the  same  species,  as  those  met  with  in  the  distant  coal'fiddi 
of  Europe.  In  the  sandstone,  which  filled  their  interiors,  I  frequeotlj 
observed  fern  leaves,  and  sometimes  fragments  of  Sligmaria,  which  hid 
evidently  entered  together  with  sediment  after  the  trunk  had  decayed  aad 
becomehollow,  and  while  it  was  still  standing  under  water.  Thus  the  tK^ 
•aft,  fig.  373,  the  same  which  is  represented  at  a,  fig.  374,  or  in  the  bed  (ia 
the  larger  section,  fig,  3i2,  is  a  hollow  trunk  5  feet  8  inches  in  lengdi,  tn- 
nrersing  various  strata,  and  cut  off  at  the  top  by  a  layer  of  clay  2  fed  thick 


*  4urt.  QeoL  Jooin.  vol  U.  p.  131 
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tm  which  rests  a  ecam  of  coal  (b  fi^  'i''4)  1  foot  UiiLk  On  this  coal 
again  Btoo<l  two  large  trees  (c  and  rf),  wlnle  at  a  greater  height  the  trees 
^fsoAff  rest  upon  a  thin  seam  of  coal  (e),  and  above  them  is  an  under- 
da.j,  supporting  the  4 -foot  coal. 

If  "we  now  return  lo  the  tree  first  mentioned  (fig.  373),  we  find  the 
diameter  (a  b)  14  incties  at  tlie  top  and  16  inches  at  tlie  bottom,  the 
length  of  tlie  trunk  5  feet  8  inchee.  Tlie  strata  in  the  interior  consisted 
of  a  series  entirely  different  from  those  on  the  outside.  The  lowest  of 
the  three  outer  beds  which  it  traversed  consisted  of  purplish  and  blue 
shale  (e,  fig.  373),  2  feet  thick,  above  which  was  sandstone  {d)  1  foot 
thick,  and  above  this  clay  (e)  2  feet  8  inches.  But,  in  the  interior,  were 
Dine  distinct  layers  of  different  composition :  at  the  bottom,  first,  shale  4 
inches,  then  sandstone  1  foot,  then  shale  4  inches,  then  sandstone  4  inches, 
then  shale  11  inehee,  then  clay  (/)  with  nodules  of  ironstone  2  inches, 
then  pure  clay  2  feet,  then  sandstone  3  inches,  and  lastly,  clay  4  inches. 
Owing  to  the  outward  slope  of  the  face  of  the  cliff,  the  section  (fig.  373) 
was  not  exactly  perpenilicular  to  the  axis  of  the  tree ;  and  hence,  probably, 
the  apparent  sudden  termination  at  the  basu  without  a  stump  and  roots. 

In  this  example  tlie  layers  of  matter  in  the  insicle  of  the  tree  are  more 
n  those  without ;  but  it  is  more  ci>mmon  in  the  coal- 
s  of  all  countries  to  find  a  cylinder  of  pure  sandstone, — the  cast 
of  the  interior  of  a  tree,  intersecting  a  great  many  alternating  beds  of 
shale  and  sandstone,  which  originally  enveloped  the  trunk  aa  it  stood 
ertct  in  the  water.  Such  a  want  of  correspondence  in  the  materials 
outside  and  inside,  is  just  what  we  might  expect  if  we  reflect  on  the 
difference  of  time  at  which  the  deposition  of  sediment  will  take  place  in 
the  two  cases ;  the  imbedding  of  the  tree  having  gone  on  for  many 
years  before  its  decay  had  made  much  progress, 

The  high  tides  of  the  Bay  of  Fundy,  rising  more  than  60  feet,  are  so 
destructive  as  to  undermine  and  sweep  away  continually  the  whole  face 
of  the  cli^  and  thus  a  new  crop  of  erect  trees  is  brought  into  view 
every  three  or  four  yeats.  They  are  known  to  extend  over  a  space  be- 
tween two  and  three  miles  fi»m  north  to  south,  and  more  than  twic« 
that  distance  from  east  to  west,  being  seen  in  the  banks  of  streams  inte^ 
KCting  the  coal-fidd. 
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In  Cape  Breton,  Mr.  Richard  Brown  has  ob8er\'ed  in  the  Sydney  coal- 
field a  total  thickness  of  coal-measures,  without  including  the  underlying 
millstone  grit,  of  1843  feet,  dipping  at  an  angle  of  8^.  He  has  pulv 
lished  minute  details  of  the  whole  series,  showing  at  how  many  different 
levels  erect  trees  occur,  consisting  of  Sigillaria^  Lepidodendron^  Cola- 
mite,  and  other  genera.  In  one  place  eight  erect  trunks,  with  roots  and 
rootlets  attached  to  them,  were  seen  at  the  same  level,  within  a  horizon- 
tal space  80  feet  in  length.  Beds  of  coal  of  various  thickness  are  inte^ 
stratified.  Some  of  the  associated  strata  are  ripple-marked,  with  impres- 
sions of  rain-drops.  Taking  into  account  forty-one  clays  filled  with  roots 
of  Siigmaria  in  their  natural  i)osition,  and  eighteen  layers  of  upright 
trees  at  other  levels,  there  is,  on  the  whole,  clear  evidence  of  at  least 
fifty-nine  fossil  forests,  ranged  one  above  the  other,  in  this  coal-field,  in 
the  above-mentioned  thickness  of  strata.* 

The  fossil  shells  in  Cape  Breton  and  in  the  Nova  Scotia  section  (fig. 
372),  consisting  of  Cypris,  Unio  (/),  Modiola,  Microconchus  carbonaritu 
(see  fig.  376),  and  Spirorbis,  seem  to  indicate  brackish  water ;  but  we 
ought  never  to  be  surprised  if,  in  pursuing  the  same  stratum,  we  come  to 
a  fresh  or  purely  marine  deposit ;  for  this  will  depend  upon  our  taking  a 
direction  higher  up  or  lower  down  the  ancient  river  or  delta  deposit 
When  the  Purbeck  beds  of  the  Wealden  were  described  in  Chap.  XVIIL, 
I  endeavored  to  explain  the  intimate  connection  of  strata  formed  at  a 
river's  mouth,  or  in  the  tranquil  lagoons  of  the  delta,  or  in  the  sea,  after 
a  slight  submergence  of  the  land,  with  its  dirt-beds. 

In  the  English  coal-fields  the  same  association  of  fresh,  or  rather  brack- 
ish water  with  marine  strata,  in  close  connection  with  beds  of  coal  (A 
terrestrial  origin,  has  been  frequently  recognized.  Thus,  for  example,  a 
deposit  near  Shrewsbury,  probably  formed  in  brackish  water,  has  been 
described  by  Sir  R.  Murchison  as  the  youngest  member  of  the  carbonif- 
erous series  of  that  district,  at  the  point  where  the  coal-measures  are  in 
contact  with  the  Permian  or  "  Lower  New  Red."  It  consists  of  sliales 
and  sandstones  about  150  feet  thick,  with  coal  and  traces  of  plants  ;  in- 
cluding a  bed  of  limestone,  varying  from  2  to  9  feet  in  thickness,  which 
is  cellular,  and  resembles  some  lacustrine  limestones  of  France  and  Ger- 
many. It  has  been  traced  for  30  miles  in  a  straight  line,  and  can  be 
recognized  at  still  more  distant  points.  The  characteristic  fossils  are  a 
small  bivalve,  having  the  form  of  a  Cyclaa,  a  small  Cypris  (fig.  376), 
and  the  microscopic  shell  of  an  annelid  of  an  extinct  genus  calleil  Mi- 
chrocanchus  (fig.  375),  allied  to  Serpula  or  Spirorbis. 

In  the  lower  coal-measures  of  Coalbrook  Dale,  the  strata,  according 
to  Mr.  Prestwich,  often  change  completely  within  very  short  distances, 
beds  of  sandstone  passing  horizontally  into  clay,  and  clay  into  sandstone. 
The  coal-seams  often  wedge  out  or  disappear ;  and  sections,  at  places 
nearly  contiguous,  present  marked  lithological  distinctions.  In  this  sin- 
gle field,  in  which  the  strata  are  from  700  to  800  feet  thick,  between 

*  GeoL  Quart  Joum.  vol  il  p.  898 ;  and  voL  tL  p.  116. 
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fony  aod  fifty  8j>eciL'8  of  tcrrcstricti  {iliinu  linve  been  discovered,  besides 
several  tislics  mid  trilobites  of  fimiis  tliittiiiut  from  those  occurring  in  the 
SiluriuD  strata.  Also  iijiwards  of  forty  ^peeies  of  mollusca,  among  which 
are  two  or  tliree  referred  to  tlie  freshwater  genus  Unio,  and  otliers  of 
marine  forms,  sucli  us  Nautilu$,  Ortknreras,  Spirifer,  and  Productus. 
Mr.  Prestwich  suggests  tluit  llie  intermixture  of  Iwds  containing  fresh- 
water shells  with  otiiera  full  of  uiarine  remains,  and  the  alternation  of 
coarse  sandstone  and  conglomerate  with  beds  of  fine  clay  or  shale  con- 
taining the  remains  of  jilants,  may  be  explained  by  supposing  the  de- 
posit of  Coalbrook  Dale  to  have  originated  in  a  bay  of  the  sea  or  estuary 
into  which  flowed  a  considerable  river  subject  to  occasional  freshes.f 

In  the  Edinburgh  coal-field,  at  Hurdiehouse,  fossil  fishes,  molluscs,  and 
«ypriB,  very  similar  to  those  in  Shropshire  and  Staffordshire,  have  been 
found  by  Dr.  HibbertJ  In  tlie  coal-field  al^o  of  Yorkshire  there  are 
freshwater  strata,  some  of  which  contain  shells  referred  to  the  genus 
Umo  ;  but  in  the  midst  of  tlie  series  there  is  one  tliin  but  very  widely 
spread  stratum,  abounding  in  fishes  and  marine  shells,  sucli  as  Ammo- 
niUM  lAtteri  (fig.  377),  Orthocerai,  and  Avkula  papgracta,  Goldf.  (fig, 
»78).§ 

Fig.  BTI.  Fit  SI^ 
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{PteUn  papvraeeut.  Sow.) 


No  similarly  intercalated  layer  of  marine  shells  has  been  noticed  in 
the  neighboring  coal-field  of  Newcastle,  where,  as  in  South  Wales  and 

•  Silorian  SjBtem,  p.  B4. 

f  Preatwich,  OeoL  Trana.  Sd  Series,  vol.  v.  p,  410.    Mnrchisoo,  Silurian  System, 
p.  105. 

X  Trana.  Roj.  Soc  Edin.  vol  tui.    Homer,  Edia  New  Phil  Joiuil  April,  1SBS. 
S  PMUipa;  art. "  Oeidagy,"  Edi^c  Hetrop.  p.  fitO. 
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Somersotshire,  the  marine  deposits  are  entirely  below  those  containing 
terrestrial  and  freshwater  remains.* 

day-ironstone, — Bands  and  nodules  of  clay-iron-stone  are  oonmion 
in  coal-measures,  and  are  formed,  says  Sir  H.  De  la  Beche,  of  carbonate 
of  iron,  mingled  mechanically  with  earthy  matter,  like  that  constituting 
the  shales.  Mr.  Hunt,  of  the  Museum  of  Practical  Geology,  instituted 
a  series  of  experiments  to  illustrate  the  production  of  this  substance,  and 
found  that  decomposing  vegetable  matter,  such  as  would  be  distributed 
through  all  coal  strata,  prevented  the  farther  oxidation  of  the  proto-salts 
of  iron,  and  converted  the  peroxide  into  protoxide  by  taking  a  portion 
of  its  oxygen  to  form  carbonic  acid.  Such  carbonic  add,  meeting  with 
the  protoxide  of  iron  in  solution,  would  unite  with  it  and  form  a  car- 
bonate of  iron ;  and  this  mingling  with  fine  mud,  when  the  excess  of 
carbonic  acid  was  removed,  might  form  beds  or  nodules  of  argillaceous 
iron-stone.f 


CHAPTER  XXV. 
CARBONIFEROUS  GROUP — Continued. 


Coal-fields  of  the  United  States — Section  of  the  country  between  the  Atlantic 
and  Mississippi — Position  of  land  in  the  carboniferous  period  eastward  of  the 
Alleghanies — Mechanically  formed  rocks  thinning  out  westward,  and  limestones 
thickening — Uniting  of  many  coal-seams  into  one  thick  one — Horizootal  coal  at 
Brownsville,  Pennsylvania — Vast  extent  and  continuity  of  single  seams  of  coal 
— Ancient  river-channel  in  Forest  of  Dean  coal-field — ^Absence  of  earthy  matter 
in  coal — Climate  of  carboniferous  period — Insects  in  coal — Rarity  of  air- 
breathing  animals — Great  number  of  fossil  fish— First  discovery  of  the  skele- 
tons of  fossil  reptiles — ^Footprints  of  reptilians — Mountain  limestone— Its  corals 
and  marine  shells. 

It  was  stated  in  the  last  chapter  that  a  great  uniformity  prevails  in 
the  fossil  plants  of  the  coal-measures  of  Europe  and  North  America ; 
and  I  may  add  that  four-fifths  of  those  collected  in  Nova  Scotia  have 
been  identified  with  European  species.  Hence  the  former  existence  at 
the  remote  period  under  consideration  (the  carboniferous)  of  a  continent 
or  chain  of  islands  where  the  Atlantic  now  rolls  its  waves  seems  a  fair 
inference.  Nor  are  there  wanting  other  and  independent  proo&  of  such 
an  ancient  land  situated  to  the  eastward  of  the  present  Atlantic  coast  of 
North  America ;  for  the  geologist  deduces  the  same  conclusion  from  the 
mineral  composition  of  the  carboniferous  and  some  older  groups  of  rocks 
as  they  are  developed  on  the  eastern  flanks  of  the  AUeghanies,  contrasted 
with  their  character  in  Uie  low  country  to  the  westward  of  those  moun 
tains. 

The  annexed  diagram  {fig,  379)  will  assist  the  reader  in  under 

*  Phillips ;  art  **  Geology,"  Encjc  Hetrop.  p  692. 
f  Memoirs  of  GteoL  Survey,  pp.  61,  266,  ic 
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standing  the  phenomena  now  alluded  to,  although  I  must  guard  him 
against  supposing  that  it  is  a  true  section.  A  great  number  of  details 
have  of  necessity  been  omitted,  and  the  scale  of  heights  and  horizontal 
distances  are  unavoidably  falsified. 

Starting  from  the  shores  of  the  Atlantic,  on  the  eastern  side  of  th* 
Continent,  we  first  come  to  a  low  region  (a  b),  which  was  called  the 
alluvial  plain  by  the  first  geographers.  It  is  occupied  by  tertiary  and 
cretaceous  strata,  before  descril)ed  (pp.  171,  206,  and  224),  which  are 
nearly  horizontal.  The  next  belt,  from  b  to  c,  consists  of  granitic  rocks 
(hypogene),  chiefly  gneiss  and  mica-schist,  covered  occasionally  with 
unconformable  red  sandstone.  No.  4  (New  Red  or  Trias  ?),  remarkable 
for  its  omithichnites  (see  p.  297).  Sometimes,  also,  this  sandstone  rests 
on  the  edges  of  the  disturbed  paleozoic  rocks  (as  seen  in  the  section). 
The  region  (b  c),  sometimes  called  the  "Atlantic  Slope,"  corresponds 
nearly  in  average  width  with  the  low  and  flat  plain  (a  b),  and  is  charac- 
terized by  hills  of  moderate  height,  contrasting  strongly,  in  their  rounded 
shape  and  altitude,  with  the  long,  steep,  and  lofty  parallel  ridges  of  the 
Alleghany  mountains.  The  out-crop  of  the  strata  in  these  ridges,  like 
the  two  belts  of  hypogene  and  newer  rocks  (a  b,  and  b  c),  above  alluded 
to,  when  laid  down  on  a  geological  map,  exhibit  long  stripes  of  different 
colors,  running  in  a  N.  E.  and  S.  W.  direction,  in  the  same  way  as  the 
lias,  chalk,  and  other  secondary  formations  in  the  middle  and  eastern 
half  of  England. 

The  narrow  and  parallel  zones  of  the  Appalachians  here  mentioned, 
consist  of  strata,  folde<l  into  a  succession  of  convex  and  concave  flexures, 
subsequently  laid  open  by  denudation.  The  component  rocks  are  oi 
great  thickness,  all  referable  to  the  Silurian,  Devonian,  and  Carboniferous 
formations.  There  is  no  principal  or  central  axis,  as  in  the  Pyrenees  and 
many  other  chains — no  nucleus  to  which  all  the  minor  ridges  conform : 
but  the  chain  consists  of  many  nearly  equal  and  parallel  foldings,  having 
what  is  termed  an  anticlinal  and  synclinal  arrangement  (see  above,  p.  48). 
This  system  of  hills  extends,  geologically  considered,  from  Vermont  U> 
Alabama,  being  more  than  1000  miles  long,  from  60  to  150  miles  broad, 
and  varying  in  height  from  2000  to  6000  feet.  Sometimes  the  whole 
assemblage  of  ridges  runs  perfectly  straight  for  a  distance  of  more  than 
50  miles,  after  which  all  of  them  wheel  round  together,  and  take  a  new 
direction,  at  an  angle  of  20  or  30  degrees  to  tlie  first. 

We  are  indebted  to  the  state  surveyors  of  Virginia  and  Pennsylvania, 
Prof.  W.  B.  Rogers  and  his  brother  Prof.  11.  D.  Rogers,  for  the  import- 
ant discovery  of  a  clue  to  the  general  law  of  structure  prevailing  through- 
out this  range  of  mountains,  which,  however  simple  it  may  appear  when 
once  made  out  and  clearly  explained,  might  long  have  been  overlooked, 
amidst  so  great  a  mass  of  complicated  details.  It  appears  that  the  bend- 
ing and  fracture  of  the  beds  is  greatest  on  the  southeastern  or  Atlantic 
side  of  the  chain,  and  the  strata  become  less  and  less  disturbed  as  we  go 
westward,  until  at  length  they  regain  their  original  or  horizontal  posi- 
tion.    By  reference  to  the  section  (fig.  379),  it  will  be  seen  that  on  the 


Ok  XXY.]  APPALACHIAN  CHAIN.  329 

eMtem  side,  or  in  the  ridges  and  troughs  nearest  the  Atlantic,  south- 
eastern dips  predominate,  in  consequence  of  the  beds  having  been  folded 
back  upon  themselves,  as  in  i,  those  on  the  northwestern  side  of  each  arch 
having  been  inverted.  The  next  set  of  arches  (such  as  k)  are  more  open, 
each  having  its  western  side  steepest ;  the  next  (/)  opens  out  still  more 
widely,  the  next  (m)  still  more,  and  this  continues  until  we  arrive  at  the 
low  and  level  part  of  the  Appalachian  coal-field  (d  e). 

In  nature  or  in  a  true  section,  the  number  of  bendings  or  parallel 
folds  is  so  much  greater  that  they  could  not  be  expressed  in  a  diagram 
without  confusion.  It  is  also  clear  that  large  quantities  of  rock  have 
been  removed  by  aqueous  action  or  denudation,  as  will  appear  if  we 
attempt  to  complete  all  the  curves  in  the  manner  indicated  by  the  dotted 
lines  at  i  and  k. 

The  movements  which  imparted  so  uniform  an  order  of  arrangement 
to  this  vast  system  of  rocks  must  have  been,  if  not  contemporaneous,  at 
least  parts  of  one  and  the  same  series,  depending  on  some  common  cause. 
Their  geological  date  is  well  defined,  at  least  within  certain  limits,  for 
they  must  have  taken  place  after  the  deposition  of  the  carboniferous 
strata  (Xo.  5),  and  before  the  formation  of  the  red  sandstone  (No.  4). 
The  greatest  disturbing  and  denuding  forces  have  evidently  been  ex- 
erted on  the  southeastern  side  of  the  chain  ;  and  it  is  here  that  igneous 
or  plutonic  rocks  are  observed  to  have  invaded  the  strata,  forming  dykes, 
some  of  which  run  for  miles  in  lines  parallel  to  the  main  direction  of  the 
Appalachians,  or  N.  N.  E.  and  S.  S.  W. 

The  thickness  of  the  carboniferous  rocks  in  the  region  c  is  very  great, 
and  diminishes  rapidly  as  we  proceed  to  the  westward.  The  surveys  of 
Pennsylvania  and  Virginia  show  that  the  southeast  was  the  quarter 
whence  the  coarser  materials  of  these  strata  were  derived,  so  that  the  an- 
cient land  lay  in  that  direction.  The  conglomerate  which  forms  the  gen- 
eral base  of  the  coal-measures  is  1500  feet  thick  in  the  Sharp  Mountain, 
where  I  saw  it  (at  c)  near  Pottsville  ;  whereas  it  has  only  a  thickness  of 
500  feet  about  thirty  miles  to  the  northwest,  and  dwindles  gradually 
away  when  followed  still  farther  in  the  same  direction,  till  its  thickness 
is  reduced  to  30  feet.*  The  limestones,  on  the  other  hand,  of  the  coal- 
measures,  augment  as  we  trace  them  westward.  Similar  observations 
have  been  made  in  regard  to  the  Silurian  and  Devonian  formations  in 
New  York  ;  the  sandstones  and  all  the  mechanically-formed  rocks  thin- 
ning out  as  they  go  westward,  and  the  limestones  thickening,  as  it  were, 
at  their  expense.  It  is,  therefore,  clear  Uiat  the  ancient  land  was  to  the 
east,  where  the  Atlantic  now  is ;  the  deep  sea,  with  its  banks  of  coral 
and  shells  to  tlie  west,  or  where  the  hydrographical  basin  of  the  Missis- 
sippi is  now  situated. 

In  that  region,  near  Pottsville,  where  the  thickness  of  the  coal-meas- 
ures is  greatest,  there  are  thirteen  seams  of  anthracite  coal,  several  of 
them  more  than  2  yards  thick.    Some  of  the  lowest  of  these  alternate 

*  H.  D.  Rogers,  Trans.  Absoc  Amer.  OeoL  1840-42,  p.  440. 
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with  beds  of  white  grit  and  conglomerate  of  coarser  grain  thaa  I  ever 
saw  elsewhere,  associated  with  pure  coal.  The  pebbles  of  quattx  in 
often  of  the  size  of  a  hen's  egg.  On  following  these  padding-stones  and 
grits  for  several  miles  from  Pottsville,  by  Tamaqua,  to  the  Lehigh  Sum- 
mit Mine,  in  company  with  Mr.  H.  D.  Rogers,  in  1841,  he  pointed  out 
to  me  that  the  coarse-grained  strata  and  their  accompanying  shales 
gradually  thin  out,  until  seven  seams  of  coal,  at  first  widely  separated, 
are  brought  nearer  and  nearer  together,  until  they  successively  unite ;  so 
that  at  last  they  form  one  mass,  between  40  and  60  feet  thick.  I  saw 
this  enormous  bed  of  anthracite  coal  quarried  in  the  open  air  at  Maudi 
Chunk  (or  the  Bear  Mountain),  the  overlying  sandstone,  40  feet  thidc, 
having  been  removed  bodily  from  the  top  of  the  hill,  which,  to  use  the 
miner's  expression,  had  been  "  scalped."  The  accumulation  of  vegetable 
matter  now  constituting  this  vast  bed  of  anthracite,  may  perhaps,  before 
it  was  condensed  by  pressure  and  the  discharge  of  its  hydrogen,  oxygen, 
and  other  volatile  ingredients,  have  been  between  200  and  300  feet 
thick.  The  origin  of  such  a  vast  thickness  of  vegetable  remains,  so  un- 
mixed with  earthy  ingredients,  can,  I  think,  be  accounted  for  in  no  other 
way,  than  by  the  growth,  during  thousands  of  years,  of  trees  and  ferns, 
in  the  manner  of  peat, — a  theory  which  the  presence  of  the  Stigmaria 
in  situ  under  each  of  the  seven  layers  of  anthracite,  fully  bears  out 
The  rival  hypothesis,  of  the  drifting  of  plants  into  a  sea  or  estuary,  leaves 
the  absence  of  sediment,  or,  in  this  case,  of  sand  and  pebbles,  wholly  un- 
explained. 

But  the  student  will  naturally  ask,  what  can  have  caused  so  many 
seams  of  coal,  after  they  had  been  persistent  for  miles,  to  come  together 
and  blend  into  one  single  seam,  and  that  one  equal  in  the  aggregate, 
to  the  thickness  of  the  several  separate  seams  ?  Often  had  the  same 
question  been  put  by  English  miners  before  a  satisfactory  answer  was 
given  to  it  by  the  late  Mr.  Bowman.  The  following  is  his  solution  d 
the  problem.     Let  a  a',  fig,  380,  l)e  a  mass  of  vegetable  matter,  capable, 
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when  condensed,  of  forming  a  3-foot  seam  of  coal.  It  rests  on  the 
underclay  b  b\  filled  with  roots  of  trees  in  sitUj  and  it  supports  a  grow- 
ing forest  (c  d).  Suppose  that  part  of  the  same  forest  d  k  had  become 
submerged  by  the  ground  sinking  down  25  feet,  so  that  the  trees  have 
been  partly  thrown  down  and  partly  remain  erect  in  water,  slowly  de- 
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caying,  their  stomps  and  the  lower  parts  of  their  trunks  being  enveloped 
in  layers  of  sand  and  mud,  which  are  gradually  filling  up  the  lake  d  f. 
When  this  lake  or  lagoon  has  at  length  bean  entirely  silted  up  and 
converted  into  land,  say,  in  the  course  of  a  century,  the  forest  c  d  will 
extend  once  more  continuously  over  the  whole  area  c  f,  as  in  fig.  381, 
and  another  mass  of  vegetable  matter  (^<7'),  forming  3  feet  more  of 
coal,  may  accumulate  from  c  to  f.  We  then  find  in  the  region  f,  two 
seams  of  coal  (a'  and  g')  each  3  feet  thick,  and  separated  by  25  feet  of 
sandstone  and  shale,  with  erect  trees  based  upon  the  lower  coal,  while, 
between  d  and  c,  we  find  these  two  seams  united  into  a  2-yard  coal. 
It  may  be  objected  that  the  uninterru{>ted  growth  of  plants  during  the 
interval  of  a  century  will  have  caused  the  vegetable  matter  in  the  re- 
gion c  D  to  be  thicker  than  the  two  distinct  seams  a'  and  g'  at  f  ;  and 
no  doubt  there  would  actually  be  a  slight  excess  representing  one  gener- 
ation of  trees  with  the  remains  of  other  plants,  forming  half  an  inch  or 
an  inch  of  coal ;  but  this  would  not  prevent  the  miner  from  affirming 
that  the  seam  a  g,  throughout  the  area  c  d,  was  equal  to  the  two  seams 
a'  and  g'  at  f. 

The  reader  has  seen,  by  reference  to  the  section  (fig.  379,  p.  327), 
that  the  strata  of  the  Appalachian  coal-field  assume  a  horizontal  posi- 
tion west  of  the  mountains.  In  that  less  elevated  country,  the  coal- 
measures  are  intersected  by  three  great  navigable  rivers,  and  are  capable 
of  supplying  for  ages,  to  the  inhabitants  of  a  densely  peopled  region,  an 
inexhaustible  supply  of  fuel.  These  rivers  are  the  Monongahela,  the 
Alleghany,  and  the  Ohio,  all  of  which  lay  open  on  their  banks  the  level 
seams  of  coal.  Looking  down  the  first  of  these  at  Brownsville,  we  have 
a  fine  view  of  the  main  seam  of  bituminous  coal  10  feet  thick,  commonly 
called  the  Pittsburg  seam,  breaking  out  in  the  steep  cliff*  at  the  water's 
edge ;  and  I  made  the  accompanying  sketch  of  its  appearance  from  the 
bridge  over  the  river  (see  fig.  382).  Ilere  the  coal,  10  feet  thick,  is 
covered  by  carbonaceous  shale  (6),  and  this  again  by  micaceous  sand- 
stone (c).  Horizontal  galleries  may  be  driven  everywhere  at  very  slight 
expense,  and  so  worked  as  to  drain  themselves,  while  the  cars,  laden 
with  coal  and  attached  to  each  other,  glide  down  on  a  railway,  so  as  to 
deliver  their  burden  into  barges  moored  to  the  river's  bank.  The  same 
seam  is  seen  at  a  distance,  on  the  right  bank  (at  a),  and  may  be  fol- 
lowed the  whole  way  to  Pittsburg,  fifty  miles  distant.  As  it  is  nearly 
horizontal,  while  the  river  descends  it  crops  out  at  a  continually  increas- 
ing, but  never  at  an  inconvenient,  height  above  the  Monongahela.  Be- 
low the  great  bed  of  coal  at  Brownsville  is  a  fire-clay  18  inches  thick, 
and  below  this,  several  beds  of  limestone,  below  which  again  are  other 
coal  seams.  I  have  also  shown  in  my  sketch  another  layer  of  workable 
ooal  (at  dd),  which  breaks  out  on  the  slope  of  the  hills  at  a  greater 
height.  Here  almost  every  proprietor  can  open  a  coal-pit  on  his  own 
land,  and  the  stratification  being  very  regular,  he  may  calculate  with 
precision  the  depth  at  which  coal  may  be  won. 

The  Appalachian  coal-field,  of  which  these  strata  form  a  part  (from  c 
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b>  s,  section,  tig.  STO,  p.  327),  is  remnrkable  for  its  vast  area;  for,  ac- 
cording to  Professor  11,  D.  Rogere,  it  stretches  continuously  from  N,  R 
to  S.  W.,  for  ft  distance  of  720  miles,  its  greatest  width  being  about  180 
miles.  On  n  moderate  estimate,  ila  superficial  area  amounts  to  63,000 
iquHre  miles. 
This  coal  formation,  before  its  original  limits  v«re  reduced  br  dcnn- 
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dation,  must  have  measured  900  miles  in  length,  and  in  some  places 
more  than  200  miles  in  breadth.  By  again  referring  to  the  section  (fig. 
379,  p.  327),  it  will  be  seen  that  the  strata  of  coal  are  horizontal  to  tho 
westward  of  the  mountains  in  the  region  d  e,  and  become  more  and 
more  inclined  and  folded  as  we  proceed  eastward.  Now  it  is^  invariably 
found,  as  Professor  H.  D.  Rogers  has  shown  by  chemical  analysis,  that 
the  coal  is  most  bituminous  towards  its  western  limit,  where  it  remains 
level  and  unbroken,  and  that  it  becomes  progressively  debituminized  aa 
we  travel  southeastward  towards  the  more  bent  and  distorted  rocks. 
Thus,  on  the  Ohio,  the  proportion  of  hydrogen,  oxygen,  and  other  vola- 
tile matters,  ranges  from  forty  to  fifty  per  cent.  Eastward  of  this  line, 
on  the  Monongahela,  it  still  approaches  forty  per  cent,  where  the  strata 
b^in  to  experience  some  gentle  flexures.  On  entering  the  Alleghany 
Mountains,  where  the  distinct  anticlinal  axes  begin  to  show  themselves, 
but  before  the  dislocations  are  considerable,  the  volatile  matter  is  gene- 
rally in  the  proportion  of  eighteen  or  twenty  per  cent.  At  length,  when 
we  arrive  at  some  insulated  coal-fields  (5',  fig.  379)  associated  with  the 
boldest  flexures  of  the  Appalachian  chain,  where  the  strata  have  been 
actually  turned  over,  as  near  Pottsville,  we  find  the  coal  to  contain  only 
from  six  to  twelve  per  cent,  of  bitumen,  thus  becoming  a  genuine  an- 
thracite.* 

It  appears  from  the  researches  of  Liebig  and  other  eminent  chemists, 
that  when  wood  and  vegetable  matter  are  buried  in  the  earth,  exposed 
to  moisture,  and  partially  or  entirely  excluded  from  the  air,  they  decom- 
pose slowly  and  evolve  carbonic  acid  gas,  thus  parting  with  a  portion  of 
their  original  oxygen.  By  this  means,  they  become  gradually  converted 
into  lignite  or  wood-coal,  which  contains  a  larger  proportion  of  hydrogen 
than  wood  does.  A  continuance  of  decomposition  changes  this  lignite 
into  common  or  bituminous  coal,  chiefly  by  the  discharge  of  carburetted 
hydrogen,  or  the  gas  by  which  we  illuminate  our  streets  and  houses. 
According  to  BischofF,  the  inflammable  gases  which  are  always  escaping 
from  mineral  coal,  and  are  so  often  the  cause  of  fatal  accidents  in  mines, 
always  contain  carbonic  acid,  carburetted  hydrogen,  nitrogen,  and  olifiant 
gas.  The  disengagement  of  all  these  gradually  transforms  ordinary  or 
bituminous  coal  into  anthracite,  to  which  the  various  names  of  splint- 
coal,  glance-coal,  culm,  and  many  others,  have  been  given. 

We  have  seen  that,  in  the  Appalachian  coal-field,  there  is  an  intimate 
connection  between  the  extent  to  which  the  coal  has  parted  with  its  gas- 
eous contents,  and  the  amount  of  disturbance  which  the  strata  have 
undergone.  The  coincidence  of  these  phenomena  may  be  attributed 
partly  to  the  greater  facility  aflforded  for  the  escape  of  volatile  matter, 
where  the  fracturing  of  the  rocks  had  produced  an  infinite  number  of 
cracks  and  crevices,  and  also  to  the  heat  of  the  gases  and  water  pene- 
trating these  cracks,  when  the  great  movements  took  place,  which  have 
rent  and  folded  the  Appalachian  strata.     It  is  well  known  that,  at  the 

*  Trans,  of  Abs.  of  Amer.  GeoL  p.  470. 
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present  period,  thermal  waters  and  hot  vapors  burst  out  from  the  earth 
during  earthquakes,  and  these  would  not  &il  to  promote  the  disengage- 
raent  of  volatile  matter  from  the  carboniferous  rocks. 

Continuity  of  seams  of  coal. — As  single  seams  of  coal  are  continuoos 
over  very  wide  areas,  it  has  been  asked,  how  forests  could  have  prevailed 
uninterruptedly  over  such  wide  spaces,  without  being  oflener  f  ooded  by 
turbid  rivers,  or,  when  submerged,  denuded  by  marine  currents.  It 
appears,  from  tlie  description  of  the  Cape  Breton  coal-field,  by  Mr. 
Richard  Brown,  that  false  stratification  is  common  in  the  beds  of  sand, 
and  some  partial  denudation  of  these,  at  least,  must  often  have  taken 
place  during  the  accumulation  of  the  carboniferous  series. 

In  the  Forest  of  Dean,  ancient  river-channels  are  found,  which  pass 
through  beds  of  coal,  and  in  which  rounded  pebbles  of  coal  occur. 
They  are  of  older  date  than  the  overlying  and  undisturbed  coal- 
measures.  The  late  Mr.  Buddie,  who  described  them  to  me,  told  me 
he  had  seen  similar  phenomena  in  the  Newcastle  coal-field.  Never- 
theless, instances  of  these  channels  are  much  more  rare  than  we  might 
have  anticipated,  especially  when  we  remember  how  often  the  roots 
of  trees  (Stigmarice)  have  been  torn  up  and  drifted  in  broken  frag- 
ments into  the  grits  and  sandstones.  The  prevalence  of  a  down- 
ward movement  is,  no  doubt,  the  principal  cause  which  has  saved 
so  many  extensive  seams  of  coal  from  destruction  by  fluviatile 
action. 

The  purity  of  the  coal,  or  its  non-intermixture  with  earthy  matter, 
presents  another  theoretical  diflSculty  to  many  geologists,  who  are  in- 
clined to  believe  that  the  trees  and  smaller  plants  of  the  carboniferous 
period  grew  in  extensive  swamps,  rather  than  on  land  not  liable  to  be 
inundated.  It  appears,  however,  that  in  the  alluvial  plain  and  delta 
of  the  Mississippi,  extensive  "  cypress  swamps,"  as  they  are  called,  densely 
covered  with  various  trees,  occur,  into  which  no  matter  held  in  mechan- 
ical susi)en8ion  is  ever  introduced  during  the  greatest  inundations,  inas- 
much as  they  are  all  surrounded  by  a  dense  marginal  belt  of  reeds,  canes, 
and  brushwood.  Through  this  thick  barrier  the  river-water  must  pass, 
so  that  it  is  invariably  well  filtered  before  it  can  reach  the  interior  of  the 
forest-covered  area,  within  which  vegetable  matter  is  continually  accu- 
mulating fmm  the  decay  of  trees  and  semi-aquatic  plants.  In  proof  of 
this,  I  may  observe,  that  whenever  any  part  of  a  swamp  is  dried  up, 
during  an  unusually  hot  season,  and  the  wood  set  on  fire,  pits  are  burnt 
into  the  ground  many  feet  deep,  or  as  far  down  as  the  fire  can  descend 
without  meeting  with  water,  and  it  is  then  found  that  scarcely  any 
residuum  or  earthy  matter  is  left.*  At  the  bottom  of  these  "  cypress 
swamps"  of  the  Mississippi,  a  bed  of  clay  is  found,  with  roots  of  the  tall 
cypress  ( Taxodium  distichum),  just  as  the  underclays  of  the  coal  are 
filled  with  Stigmaria, 

♦  LyelVs  Second  Visit  to  the  U.  S.  vol  il  p.  246.    American  Joum.  of  Sd. 
2d  seriea,  vol  v.  p  17. 
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Climate  of  Coal  Period, — So  long  as  the  botanist  taught  that  a  trop- 
ical* climate  was  implied  by  the  carboniferous  flora,  geologists  might  well 
be  at  a  loss  to  reconcile  the  preservation  of  so  much  vegetable  matter 
with  a  high  temperature ;  for  heat  hastens  the  decomposition  of  fallen 
leaves  ^nd  trunks  of  trees,  whether  in  the  atmosphere  or  in  water.*  It 
is  well  known  that  peat,  so  abundant  in  the  bogs  of  high  latitudes, 
ceases  to  grow  in  the  swamps  of  warmer  regions.  It  seems,  however,  to 
have  become  a  more  and  more  received  opinion,  that  the  coal-plants  do 
not,  on  the  whole,  indicate  a  climate  resembling  tliat  now  enjoyed  by 
the  equatorial  zone.  Tree-ferns  range  as  far  south  as  the  southern  part 
of  New  Zealand,  and  Araucarian  pines  occur  in  Norfolk  Island.  A 
great  predominance  of  ferns  and  lycopodiums  indicates  warmth,  moist- 
ure, equability  of  temperature,  and  freedom  from  frost,  rather  than  in- 
tense heat ;  and  we  know  too  little  of  the  sigillarije,  calamites,  astero- 
phyllites,  and  other  peculiar  forms  of  the  carboniferous  period,  to  be 
able  to  speculate  with  confidence  on  the  kind  of  climate  they  may  have 
required. 

No  doubt,  we  are  entitled  to  presume,  from  the  corals  and  cephalopo- 
da of  the  mountain  limestone,  that  a  warm  temperature  characterized 
the  northern  seas  in  the  carboniferous  era ;  but  the  absence  of  cold 
may  have  given  rise  (jis  at  present  in  the  seas  of  the  Bermudas,  under 
the  influence  of  the  gulf  stream)  to  a  very  wide  geographical  range  of 
stone-building  corals  and  shell-bearing  cuttle-fish,  without  its  being 
necessary  to  call  in  the  aid  of  tropiciil  heat.f 

CARBONIFEROUS    REPTILES. 

Where  we  have  evidence  in  a  single  coal-field,  as  in  that  of  Nova 
Bcotia,  or  South  Wales,  of  fifty  or  even  a  hundred  ancient  forests  buried 
one  above  the  other,  with  the  roots  of  trees  still  in  their  original  posi- 
tion, and  with  some  of  the  trunks  still  remaining  erect,  we  are  apt  to 
wonder  that  until  the  year  1844  no  remains  of  contemporaneous  air- 
breatliing  creatures,  except  a  few  insects,  had  been  discovered.  No  ver- 
tebrated  animals  more  highly  organized  than  fish,  no  mammalia  or  birds, 
no  saurians,  frogs,  tortoises,  or  snakes,  were  yet  known  in  rocks  of  such 
high  antiquity.  In  the  coal-field  of  Coalbrook  Dale  mention  had  been 
made  of  two  species  of  beetles  of  the  family  Curat lionidce,  and  of  a 
neuropterous  insect  resembling  the  genus  Corydalis^  with  another  related 
to  the  Phasmidas,\  In  other  coal-measures  in  Europe  we  find  notice  of 
a  scorpion  and  of  a  moth  allied  to  Tinea^  also  of  one  air-breathing  crus- 
tacean, or  land-crab.  Yet  Agassiz  had  already  described  in  his  great 
work  on  fossil  fishes  more  than  one  hundred  and  fifty  species  of  ichthy- 
olites  from  the  coal  strata,  ninety-four  belonging  to  the  families  of  shark 
ard  ray,  and  fifty-eight  to  the  class  of  ganoids.  Some  of  these  fish  are 
v«7  remote  in  their  organization  from  any  now  living,  especially  those 

♦  Prindples  of  Geol.  p.  696. 

f  For  changes  in  climate,  see  Principles  of  GeoL  chaps,  vil  and  viiL 
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of  the  familj  called  Sauroid  by  Agaaaiz ;  as  Megaliehlhyt,  HoU^tyclmu, 
and  othere,  which  are  oR«n  of  great  Bize,  and  all  predaceoiu.  Hicii 
OBteo)og7,  Buys  M.  Agassiz,  reminds  us  in  many  i««pecta  of  tiie  skdetrat 
Pi^g^  of  saurian  reptiles,  both  by  tlio  cloee  sutures  d 

the  bones  of  the  skull,  tlieir  lai^  oonieal  teeth 
striated  longitudinally  (see  fig,  383),  tie  ulicnU- 
tions  of  the  spinous  processes  with  the  v«ttt«B, 
and  other  characters.  Yet  they  do  not  form  a 
family  intermediate  between  fish  and  reptiles,  bol 
are  true  JUk,  though  doubtless  more  highly  fif 
ganized  Uian  any  living  fish,* 

The  annexed  figure  represents  a  large  tooth  (A 
the  Meffalicklhy*,  found  by  Mr.  Homer  in  the 
Cannel  coal  of  Fifeahire.  It  probably  inhabited 
an  estuary,  lite  many  of  ila  contcmporariea^  and 
frequented  both  river«  and  the  sea. 

At  lengtli,  in  1844,  the  first  skeleton  of  a  tnra 
reptile  was  announced  from  the  coal  of  Miinsler- 
'  '  Ap[)el  in  Khenish  Bavuria,  by  H,  von  Meyer, 
under  the  name  of  Apa- 
teon  pedestrit,  the  animal 
being  supposed  to  be  nearly 
related  to  the  salamanden. 
Three  yeara  later,  in  1847, 
Prof,  von  Dechen  found  in 
the  coal-fiekl  of  Saarbrtiek, 
at  the  village  of  Lebach, 
l>etween  Straabuig  and 
Treves,  the  skeletons  of  no 
less  than  three  distinct  spe- 
cies of  air-breathing  reptiles, 
which  were  described  by  the 
late  Prof,  Goldfuss  under  the 
generic  name  of  ArchegO' 
sauru).  The  ichthyolites 
and  plants  found  in  the 
same  St  rata,  left  no  doubt  that 
these  remains  l«longed  to 
the  true  coal  period.  The 
skulls,  teeth,  and  the  greater 
portions  of  the  skeleton,  nay, 
even  a  large  part  of  the 
Goidft.«  Fg»i]  r^i«  from  ^kin,  of  two  of  these  reptiles 
imrw,  Bufhhjok.  ^ave    been    faithfully   pre- 

iHu,  FoiiB.  Fosa.  lih  4,  p.  S2,  and  liv,  S,  p-  SS. 
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served  in  the  centre  of  spheroidal  concretions  of  clay-iron-stone.  The 
largest  of  these  lizards,  Archegosaums  Decheniy  must  have  been  3  feet 
6  inches  long.  The  annexed  drawing  represents  the  smallest  of  the 
three  of  the  natural  size.  They  were  considered  by  Goldfuss  as  saurians, 
bat  by  Herman  von  Meyer  as  most  nearly  allied  to  the  Lahyrinthodon, 
and  therefore  connected  with  the  batrachians,  as  well  as  the  lizards.  The 
remains  of  the  extremities  leave  no  doubt  that  they  wei-e  quadrupeds, 
"  provided,"  says  Von  Meyer,  **  with  hands  and  feet  terminating  in  dis- 
tinct toes;  but  these  limbs  were  weak,  serving  only  for  swimming  or 
oreeping."  The  same  anatomist  has  pointed  out  certain  points  of 
analogy  between   their  bones   and   those  of  the  Protoms  anguinus ; 

and  Mr.  Owen  has  observed  to  me  that 

_    ^  they  make  an  approach  to  the  Proteus 

in  the  shortness  of  their  ribs.     Two  of 
these  ancient  reptiles  retain  a  large  part 
of   the    outer    skin,   which   consisted  of 
imbricmtodeovering  of  skin  of  ^rcA«-    long,  narrow,  wedge-shaped,  tile-like,  and 
^'"'"''''l^i^*''^'  horny  scales,  arranged  in  rows  (see  fig. 

385). 
Cheirotherian  footprints  in  coal-measureSj  United  States. — In  1844, 
the  very  year  when  the  Apateon  or  Salamander  of  the  coal  was  first  met 
with  in  the  country  betw^een  the  Moselle  and  the  Rhine,  Dr.  King  pub- 
lished an  account  of  the  footprints  of  a  large  reptile  discovered  by  him 
in  North  America.  These  occur  in  the  coal  strata  of  Greensburg,  in 
Westmoreland  county,  Pennsylvania ;  and  I  had  an  opportunity  of  ex- 
amining them  in  1846.  I  was  at  once  convinced  of  their  genuineness, 
and  declared  my  conviction  on  that  point,  on  which  doubts  had  been 
entertained  both  in  Europe  and  the  United  States.  The  footmarks  were 
first  observed  standing  out  in  relief  from  the  lower  surface  of  slabs  of 
sandstone,  resting  on  thin  lasers  of  fine  unctuous  clay.  I  brought  away 
one  of  these  masses,  which  is  represented  in  the  accompan3nng  drawing 
(fig.  386).  It  displays,  together  with  footprints,  the  casts  of  cracks  (a,  a') 
of  various  sizes.  The  origin  of  such  cracks  in  clay,  and  casts  of  the 
same,  has  before  been  explained,  and  referred  to  the  drying  and  shrinking 
of  mud,  and  the  subsequent  pouring  of  sand  into  open  crevices.  It  will 
be  seen  that  some  of  the  cracks,  as  at  6,  c,  traverse  the  footprints,  and 
produce  distortion  in  them,  as  might  have  been  expected,  for  the  mud 
must  have  been  soft  when  the  animal  walked  over  it  and  left  the  impres- 
sions ;  whereas,  when  it  afterwards  dried  up  and  shrank,  it  would  be  too 
hard  to  receive  such  indentations. 

No  less  than  twenty-three  footsteps  were  observed  by  Dr.  King  in  the 
same  quarry  before  it  was  abandoned,  the  greater  part  of  them  so  ar- 
ranged (see  fig.  387)  on  the  surface  of  one  stratum  as  to  imply  thai 
they  were  made  successively  by  the  same  animal.    Everywhere  there 

♦  GoldfuM,  Neue  Jenaische  Lit  Zeit.  1848;  and  Von  Meyer,  Quart.  Geol 
Joum.  voL  iv.  p.  51,  memoira 
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•was  a  ditulilc  row  of  tracks,  anii  in  ench  row  they  occur  in  pairs  P'wb 
^ir  cnnRisting  of  a  liind  and  fore  fool,  and  each  being  at  nearly  equal 
■distances  from  the  next  pair.  In  ench  parallel  row  the  toes  turn  the  ow 
Mt  to  llie  right,  the  other  to  the  left.  In  the  European  Chrirolhfrinm. 
before  raentioneil  (p.  290),  both  the  hind  and  fore  feet  liave  each  fiw 
toes,  and  the  siiie  of  the  hind  foot  is  alwnt  five  times  as  large  as  the  fnre 
foot.  In  tlie  American  fossil  the  posterior  footprint  is  not  even  twice 
ss  large  as  the  nnterior,  and  tlie  number  of  toes  is  unequal,  being  fi" 
in  the  hindfr  and  four  in  the  anterior  foot.  In  tins,  as  in  the  European 
Ohnroikrrinm,  one  toe  stands  out  like  a  thumb,  and  these  thumb-like 
toes  turn  the  one  set  to  the  right,  and  the  other  to  the  left.  The  Anier- 
,ican  Cktirolkerivm  was  evidently  a  broader  animal,  and  belonged  to  i 
distinct  genus  from  that  of  the  triitssic  age  in  Europe.* 

'  8ae  LyeU'i  Secoul  Viut,  Ac  nd.  U.  p.  KB. 
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SerlM  of  repttlUn  footprints  in  the  coal-stntt*  of  WestmoreUnd 

county,  Pennsylvania. 

a.  Mark  of  nail  ? 


We  may  assume  that  the  reptile  which  left  these  prints  on  the  ancient 
sands  of  the  coal-measures  was  an  air-breather,  because  its  weight  would 
not  have  been  suflficient  under  water  to  have  made  impressions  so  deep 
and  distinct  The  same  conclusion  is  also  borne  out  by  the  casts  of  the 
cracks  above  described,  for  they  show  that  the  clay  had  been  exposed  to 
the  air  and  sun,  so  as  to  have  dried  and  shrunk. 

The  geological  position  of  the  sandstone  of  Greensburg  is  perfectly 
dear,  being  situated  in  the  midst  of  the  Appalachian  ooal-field,  having 
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the  main  bed  of  coal,  called  the  Pittsburg  seam,  above  mentioned 
(p.  331),  3  yards  tliick,  100  feet  above  it,  and  worked  in  the  neighbot- 
hood,  with  seveTal  other  seams  of  coal  at  lower  levels.  The  impr^ssiom 
of  Lepidodendron,  Sigillaria,  SUgmaria,  and  other  characteristic  carUh 
niferous  plants,  are  found  both  above  and  below  the  level  of  the  reptilian 
fi>oUl*ps. 

Analogous  footprints  of  a  large  reptile  of  still  older  date  have  since 
been  found  (1S49),  by  Mr.  Isaac  Lea,  in  the  lowest  beds  of  the  coal  for- 
mation at  Pottsville,  near  Philadelphia,  so  that  we  may  now  be  said  bi 
have  the  footmarks  of  two  reptilians  of  tlie  coal  period,  and  the  skele- 
tons of  four* 

CABB0KIFEB0U8    OU    MODNTAIS    LlllESTOKB. 

We  have  already  seen  that  this  rock  lies  sometimes  entirely  beneath 
the  coat-measures,  while,  in  other  districia,  it  alternate 
with  the  shales  and  sandstone  of  the  coal.  lu  both 
cases  it  is  destitute  of  land  plants,  and  usually  charged 
with  corals,  which  are  often  of  large  size ;  and  several 
species  belong  to  the  lamelliferous  class  of  Lamarck, 
which  enter  largely  into  the  structure  of  coral  recfe 
now  growing.  There  are  also  a  great  number  of  CA- 
noidea  (see  fig.  388),  and  a  few  Echinoderms,  associated 
with  the  zoophytes  above  mentioned.  The  Btxtehiopit' 
da  constitute  a  large  proportion  of  the  Molluscs,  many 
species  being  referable  to  two  extinct  genera,  Spiri/tr, 
{or  Spiri/era)  (fig.  389),  and  Froduelus  {LepUtna) 
(fig.  390). 

Among  the  spiral  univalve  shells  the  extinct  genus 

I  fig.  301]  is  one  of  the  commonest  fossib  of  the  Moun- 

tho  interior  it  is  often  divided  into  chambers  (se 


Fig-Ka. 


£uompkaltt»  (i 
tain  limestone. 


fig.  391,  d) ;  the  septa  or  partitions  not  being  perforated,  as  in  foramini- 


ferous  shells,  or  in  those  having  siphunclea,  like  the  Nautilus.     The  aoi- 
mal  appears,  like  the  recent  Balimus  derollattu,  to  have  retreated  at 

*  Theee  icapressiDOS,  found  by  Hr.  Ltta,  were  inugiDed  to  be  ioaradai  andeDl 
w  the  old  red  luidBtoiie  -,  but,  accordii^  to  Mr.  H.  D.  Bogers,  th^  are  in  tb« 
'loweit  part  of  the  coal  fonnatioo. 
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I*  )«8a  pentagoDnJ  Id  olilsr  IuIItIiIiuIi;  d.  • 
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different  periods  of  ifa  growth,  from  the  internal  cavity  previously  form- 
ed, and  to  have  closed  all  communication  with  it  by  u  Beptum.  T^e 
Datnber  of  chambers  is  irregular,  and  they  are  generally  wanting  in  the 
innennoet  whorl. 

There  are  also  many  univalve  and  bivalve  shells  of  existing  genera  in 
the  mountain  limestone,  such  as  Turritella,  Buceiniim,  Patella,  I»o- 
eardia,  Nueula,  and  Peettn,*  But  the  Cephalopoda  depart,  in  general, 
more  widely  from  living  forms,  some  being  generically  distinct  from  all 
tho«e  ftiund  in  strata  newer  than  the  coal.  In  tins  number  mfiy  be 
mentioned  Ortkocerag,  a  sipbuncled  and  chambered  shell,  like  a  Naali- 
luK  uncoiled  and  straightened.  Some  species  of  tLia  genua  are  several 
feet  long  (fig.  392),     The  Gonialiu  is  anolier  genus,  nearly  allied  to 


PoRlon  of  Ormcerat  lattraU,  PbllUpt.    HoubUId  Umsthmo. 

tLe  AmmoniU,  from  which  it  differa  in  having  tJie  lobes  of  the  septa 
free  from  lateral  denticulations,  or  crenatures ;  so  that  the  outline  of  tbeM 
IB  continuous  and  uninterrupted  (sec  a,  fig.  393).  Their  siphon  is  small, 
and  in  the  form  of  the  stris  of  growth  they  resemble  Nautili.     Anodier 

'  FbOlipt,  QeoL  of  Yorkeh.  voliL  pL  SOS. 
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extinct  generic  form  of  Cephalopod,  abounding  la  tlie  Mount^D  lime- 
stone, and  not  found  in  strata  of  later  date,  is  the  Belterapkon  (fig,  394), 
of  wliich  the  shell,  like  the  living  Argonaut,  was  without  chambers. 


CHAPTER  XXVL 

OU)   BEn   BAKDHTONB,   OR  DETOHIAIT   OBDUP. 

Old  Bed  Sandatone  of  Sootliad,  aod  borderv  of  Wkles-— Fouili  luoallj  rare— 
"Old  Red"  in  Forfarihire — IdilhjQlitea  of  Caithoeas— Distioct  litbidivkal 
type  of  Old  Red  in  Devnn  wid  CotdwkII — Term  "  Deioiiiaa'' — Organic  rmuha 
OC  intermediate  character  between  tboM  of  tbe  Carboniferom  and  Silurian  ■jl' 
terns — Corals  and  thulls — Devonian  strata  of  Westphalia,  the  Eifel,  Eniaia,  iai 
the  United  SUles— Cwal  reef  at  Falls  of  tbe  Ohio—Deioniui  Flora. 

It  was  stated  in  Cliap.  XSII.  tbat  tlie  Carboniferous  formation  is 
surmounted  by  one  called  the  "  New  Red,"  and  underlaid  by  anotJiM' 
called  the  "  Old  Red  Sandstone."J  Tlie  British  straUi  of  the  last-tnen- 
tioned  series  were  flrst  recognized  in  Herefordshire  and  Scotland  as  of 
great  thickness,  and  immediately  subjacent  to  the  coal ;  but  they  were 
in  general  so  barren  of  organic  remains,  that  it  was  difficult  (o  find  pa- 
leontological  characters  of  sufficient  importance  to  distinguish  them  u 
an  independent  group.  In  Scotland,  and  on  the  borders  of  Wales,  the 
"Old  Red"  consists  chiefly  of  red  sandstone,  conglomerate,  and  shiJe, 
with  few  fossils;  but  limestones  of  the  same  age,  peculiarly  ridi  in  o^ 
ganic  remains,  were  at  length  found  in  Devonshire. 

I  shall  first  advert  to  tbe  riiaraclera  of  tbe  group  as  dereloped  in 
Herefordshire,  Worcestershire,  Shropshire,  and  Sonth  Wales.  Ita  thick- 
ness has  been  estimated  at  8000  feet,  and  it  has  been  subdivided  into — 

I  it  A  quartzoae  conglomerate  passing  downward  into  chocolate-red  aod  grMll 
■and  atone  and  marl 

2d.  ComsloDG  and  marl — red  and  green  argillaeeooa  spotted  marl^  with  iirej^ 
niar  courses  of  impure  concretionar;  limestone,  prorindally  called  Comatoae. 

•  Phillips,  OeoL  of  Torksb.  pL  !0,  fig.  66.  \  Had.  pL  II,  fig.  IS. 

t  8m  section,  fig.  818,  p.  iST. 
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Here,   as  usual,   fossils  are   extremely  rare  in  the  clays  and  sand 
stones  in  which  the  red  oxide  of  iron  prevails ;  but  remains  of  fishes 
of  the  genera   CephcUaspis  and    Onchus  hare  been  discovered  in  the 
Comstone. 

The  whole  of  the  northern  part  of  Scotland,  from  Cape  Wrath  to  the 
southern  flank  of  the  Grampians,  has  been  well  described  by  Mr.  Miller 
as  consisting  of  a  nucleus  of  granite,  gneiss,  and  other  hypogene  rocks, 
which  seem  as  if  set  in  a  sandstone  frame.*  The  beds  of  the  Old  Red 
Sandstone  constituting  this  frame,  may  once  perhaps  have  extended  con- 
tinuously over  the  entire  Grampians  before  the  upheaval  of  that  mountain 
range ;  for  one  band  of  the  sandstone  follows  the  course  of  the  Moray 
Frith  far  into  the  interior  of  the  great  Caledonian  valley ;  and  detached 
hills  and  island-like  patches  occur  in  several  parts  of  the  interior,  capping 
some  of  the  higher  summits  in  Sutherlandshire,  and  appearing  in  Moray- 
shire like  oases  among  the  granite  rocks  of  Strathspey.  On  the  western 
coast  of  Ross-shire,  the  Old  Red  forms  those  three  immense  insulated 
hills  before  described  (p.  6Y),  where  beds  of  horizontal  sandstone,  3000  feet 
high,  rest  unconformably  on  a  base  of  gneiss,  attesting  the  vast  denuda- 
tion which  has  tiiken  place. 

]3ut  in  order  to  observe  the  uppermost  part  of  the  Old  Red,  we  must 
travel  south  of  the  Grampians,  and  examine  its  junction  with  the  bottom 
of  the  Carboniferous  series  in  Fifeshire.  This  upper  member  may  be  seen 
in  Dura  Den,  south  of  Cupar,  to  consist  of  a  belt  of  yellow  sandstone,  in 
which  Dr.  Fleming  first  discovered  scales  of  Holoptyckiu^^  and  in  which 
species  of  fish  of  the  genera  Pterichthys^  Pamphractus,  and  otliers,  have 
been  met  with.     (For  genus  Pterichthys^  see  ^g,  400,  p.  345.) 

The  beds  next  below  the  yellow  sandstone  are  well  seen  in  the  large 
zone  of  Old  Red  which  skirts  the  southern  flank  of  the  Grampians  from 
Stonehaven  to  the  Frith  of  Clyde.  It  there  forms,  together  with  trap,  tlie 
Sidlaw  Hills  and  the  strata  of  the  valley  of  Strathmore.  A  section  of 
this  region  has  been  already  given  (p.  48),  extending  from  the  foot  of 
the  Grampians  in  Forfarshire  to  tlie  sea  at  Arbroath,  a  distance  of  about 
20  miles,  where  the  entire  series  of  strata  is  several  thousand  feet  thick, 
and  may  be  divided  into  three  principal  masses :  1st,  and  uppermost, 
red  and  mottled  marls,  comstone,  and  sandstone  (Nos.  1  and  2  of  the 
section) ;  2d,  Conglomerate,  often  of  vast  thickness  (No.  3,  ibid.)  ;  3d, 
Roofing  and  paving  stone,  highly  micaceous,  and  containing  a  slight  ad- 
mixture of  carbonate  of  lime  (No.  4,  ibid.)  In  the  first  of  these  divisions, 
whicli  may  be  considered  as  succeeding  the  yellow  sandstone  of  Fife- 
shire before  mentioned,  a  gigantic  species  of  fish  of  the  genus  Ho- 
lopiychiua  has  been  found  at  Clashbinnie  near  Perth.  Some  scales 
(see  fig.  395)  have  been  seen  which  measured  3  inches  in  length  by  2  J 
in  breadth. 

At  the  top  of  the  next  division,  or  immediately  under  the  conglom- 
erate (No.  3,  p.  48),  there  have  been  found  in  Forfarshire  some  remark- 

•  The  Old  Red  Sandstone,  by  Hugh  MiUer,  1841. 
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able  ansUceanB,  vitfa  MTenl 
fish  of  the  genua  nuned  bjr  Agnt- 
BIZ  Cq>kala*pu,  or  *'biuUei^ 
headed  from  the  extnordinarT 
shield  vhich  rovera  tiie  head 
(we  %  396),  sod  vhidi  has 
often  been  mistaken  for  that  of  a 
tnlobit^  of  the  division  AtaiAut. 
Species  of  the  same  genns  an 
considered  in  EngUnd  as  <^rae- 
tenstic  of  the  second  or  Corn- 
Btone  dinsian  (p.  343), 
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In  the  snme  gray  paving-stones  and  coarse  roofing-slates,  in  vhich  the 
CephaUnjiJa  occuis,  in  Forfarshire  and  Kincardineshire,  the  remains  of 
marine  plants  or  fiicoids  abound.  They  are  frequently  accompanied  by 
groups  of  liexngonal,  or  nearly  hexagonal  markings,  wliiclt  consist  of 
small  flattened  carbonaceous  bodies,  placed  in  a  slight  depression  of 
the  sandstone  or  shale.  (See  figs.  307  and  396.)  They  much  resemble 
in  form  the  spawn  of  the  recent  Natica  (see  fig.  399),  in  which  the 
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"*  "^        eggs  are  arranged  in  a  thin  layer  of  sand,  and  seem  to 
have  acquired  a  polygonal  form   by  proising  against 
eacl)  other.     The  substance  of  the  ^g,  if  fossilized, 
might  give  rise  to  small  pellicles  of  carbonaceous  matter. 
These  fossils  I  have  met  with,  both  to  the  north  of 
^^f^Siih'.'^dw   Strathmore,  in  the  vertical  shale  beneath  the  conglom- 
erate, and  in  the  same  beds  in  the  Sidlaw  Ilills,  at  all 
the  points  where  fig.  4  is  introduced  in  the  section,  p.  48, 

Beds  of  red   shale   and  red  sandstone,  sometimes  associated  with 
l^  MO.  pudding-Stone  (older  than  No.  3, 

fig.  "iZ,  p.  48),  and  destitute  of 
organic  remains,  separate,  in  the 
region  of  Strathmore,  the  aboce- 
descrilied  fossiliferous  stmla  from 
the  older  crystalline  rocks  of  the 
Grampians.  But,  in  the  north  of 
Scotland,  we  find,  at  the  base  of  the 
Old  Red,  other  gray  slaty  sand- 
stones, in  tlie  counties  of  Banff, 
Nairn,  Moray,  Cromarty,  Caithness, 
and  in  Orkney,  rich  in  ichthyolites 
of   peculiar    forms,    belonging    to 

«««.™  »^.-  .(,«  .1*.  .!».«  '!;•  e™»  ^»r«4%.  (fig.  MO), 
inooUi;un«turej  v.  Miller."  Coccosteus,  Jjiplopttrvs,  JJtpterus, 

Cheiracanlhui,  and  otlicrs  of  Agassiz. 

Five  species  of  Pterichtkya  have  been  found  in  this  lowest  division  of 
the  Old  Red.  The  wing'like  appendages,  whence  the  genus  is  named, 
were  first  supposed  by  Mr.  Miller  to  be  paddles,  like  those  of  the  turtle; 
but  Agassiz  regards  them  as  weapons  of  defence,  like  tlio  occipital  spines 
of  the  River  Bull-head  {Cotlus  ffobio,  Linn.);  and  considers  the  tail  to 
have  been  the  only  organ  of  motion.  The  genera  Dipteriia  and  I}ip- 
lopUTus  are  so  named,  because  their  two  dorsal  fins  are  so  placed  as  to 
front  tlie  anal  and  ventral  fins,  so  as  to  appear  like  two  pairs  of  wings. 
They  have  bony  enamelled  scales. 

South  Devon  and  Cornwall. — A  great  step  was  mode  in  the  classifi- 
cation of  the  slaty  and  calciferous  stntJi  of  South  Devon  and  Cornwall 
in  1837,  when  a  large  portion  of  the  beds,  previously  referred  to  the 
"transition"  or  most  ancient  fossiliferous  series,  were  found  to  belong  in 
reality  to  the  period  of  the  Old  Red  Sandstone.  For  this  reform  we  are 
iudcbUd  to  the  labors  of  Professor  Sedgwick  and  Sir  R.  Murchison, 
assisted  by  a  Eu^ention  of  Mr.  Lonsdale,  who,  in  1837,  after  examining 
the  South  Devonshire  fossils,  perceived  that  some  of  tlicm  agreed  with 
those  of  the  Carboniferous  group,  others  with  those  of  the  Silurian, 
while  many  could  not  bo  assigned  to  either  system,  the  whole  taken 

Mr,  M.'a  deacriptkni  of  the  fish  ia  mint 
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together  exhibiting  a  peculiar  and  intermediate  diameter.  But  thew 
paleontological  observaUons  alone  would  not  have  enabled  us  to  aBsign, 
with  accuracy,  the  true  place  in  the  geological  series  of  these  alate-rocki 
and  limestones  of  South  DeTon,  bad  not  Messrs.  Sedgwick  and  Murchi- 
son,  in  IB3C  and  1837,  discovered  that  the  culmiferous  or  antfaracilic 
shales  of  North  Devon  belonged  to  the  Coal,  and  not,  as  precedn^  ob- 
servers bad  imagined,  to  the  transition  period. 

As  the  stnita  of  South  Devon  here  alluded  to  are  fiir  richer  in  organic 
remains  than  tlie  red  sandslones  of  contemporaneous  date  in  Ilerdbn]- 
sliire  and  Scotland,  the  new  name  of  the  "DeTonian  Bystem"  waa  pro- 
jjosed  as  a  substitute  fur  that  of  Old  Red  Sandstone. 

The  rocks  of  this  group  in  South  Devon  consist,  in  great  part,  of 
green  chloritic  slates,  alternating  with  hard  quartzose  slates  and  sand- 
stones.  Here  and  there  calcareous  slates  are  interstratified  with  blue 
crystalline  limestone,  and  in  some  divisions  conglomerates,  passing  into 
red  sandstone. 

The  link  supplied  by  the  whole  assemblage  of  imbedded  fossils,  con- 
necting as  it  does  the  paleontology  of  the  Silurian  and  Cart)oniferoas 
groups,  is  otic  of  the  highest  interest,  and  equally  striking,  whether  we 
regard  the  genera  of  corals  or  of  shells.  The  fpeats  are  almost  all 
distinct. 

Among  the  more  abundant  corals,  we  find  the  genera  Favtmlcs  and 
Vyathophyllum,  common  on  the  one  hand  to  tlie  Mountain  limestone, 
and  on  the  other  to  the  Silurian  system.  Some  few  even  of  the 
gpecka  are  common  to  the  Devonian  and  Silurian  groups,  as,  for 
enamplc,  Favosttet  jmlymorpha  (fig.  403),  very  abundant  in  South 
Devon. 

FII.W1. 


The  Cyathoplii/llum  caapitomm.  (fig.  402)  and  Poriles  pyri/ormit 
(fig.  424,  p.  35C),  are  more  peculiarly  characteristic  of  tlie  Devonian 

In  regard  to  the  shells,  all  the  brachiopodous  genera,  such  as  Ter»- 
Salvia,  Orlhis,  Sptrifer,  Atrypa,  and  Prodvetus,  which  are  found  in 
the  Mountain  limestone,  occur,  together  with  those  of  the  Silurian  sys- 
tem, except  the  Pentameru».  Some  forms,  however,  seem  exclusively 
Devonian,  as,  for  example,  Calceola  sandalina  (fig.  403)  and  Stty<)o- 
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doMt  rU-mnnth. 
tnluTfne  plalfA,  jud  put 


cephalut  Burlini  (fig.  404),  which  have  been 
met  with  both  in  the  Eifel,  in  Germsoy,  and  in 
Devonshire,  in  the  very  loweet  Devonian  beds. 
Among  the  peculiar  lamelli -branchiate  bi- 
valves, also  common  to  Devonnhire  and  the 
Eifcl,  we  find  Megalodm  eueullatm  {fig. 
405).  Several  ttpirnl  univalves  are  abundant, 
among  which  are  many  species  of  Pleuroto- 
maria  and  Euomphalut.  Among  the  Cepha- 
lopoda we  find  Bdlerophon  nnd  Ortkoeerat, 
as  in  the  Silurian  and  Carboniferous  groups, 
and  Gonialile  and  Cifrtoetrat,  as  in  the  Car- 
boniferous. In  some  of  the  upper  Devonian 
beds,  a  shell,  resembling  a  flattened  Gonialtlt, 
occurs,  called  Clymenia  by  Munster  {Sndo- 
siphoniles,  Ansted*). 

Fis4(l3. 


.    (Ttniralula porricta,  6ow,)    Elful ;  >1>u  SoDih  Daioi 
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DEVONIAN  OF  THE  KIFEL,   BU38IA,   ETC. 


(Hymmia  ttnearli,  MuniUr.    iEndotlpSonaa  cariruitta,  AnMtd.)    ConinlL 

A  peculiar  epeciee  of  trilobit*,  called  Brtmles  JiabtUifer  (fig.  407),  a 
found  in  tlie  Devonian  strata  of  tbe  Eifel  and  in  South  Devon.  It 
abould  be  observed,  however,  that  the  head  in  the  specimen  here  figured 
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by  Goldfusa,  the  most  perfect  which  could  be  obtained,  is  incomplete, 
and  a  restoration  has  been  attempted  by  Mr.  Salter  in  fig.  408,  from  dsUi 
supplied  by  other  s]>ecies  of  tlie  same  genus  occurring  in  older  rocks. 

For  determining  the  true  equivalents  of  the  Devonian  group  in  tie 
Rhenish  provinces  and  adjacent  parts  of  Germany,  we  are  indebted  to 
the  labors  of  Messrs.  Sedgwick  and  Murchison,  in  1889,  from  which  it 
appears  tliat  rocks  of  that  age  emerge  from  beneath  the  coal-field  or 
Westphalia,  and  sre  also  found  in  troughs  among  the  Silurian  rocks  in 
Nassau.  Many  of  tbe  limestones,  particularly  those  on  the  river  Lahn, 
are  identical,  both  in  structure  and  in  coralline  remains,  with  the  beanti- 
fiil  marbles  of  Babbacombe,  Torquay,  and  Plymouth. 

The  limestones  of  the  Eifel,  long  ago  celebrated  for  their  fossils,  and 
which  lie  in  »  basin  Gii]>ported  by  Silurian  rocks,  are  found  to  bo  refera- 
ble to  the  lower  part  of  the  Devonian  system. 

In  Russia,  also,  Messrs.  Murchison  and  De  Vemeuil  have  shown 
(1840)  that  the  "  Old  Red"  group  occupies  a  wide  area  south  from  St 
Petersbnrg,  It  was  formerly  supposed  to  !«  the  New  Red  Sandstone, 
on  aco^uiit  of  itf  saliferous  and  gypseous  beds  ;  but  it  is  now  proved  t<> 


Gb.  zzvl]  devonian  flora.  846 

be  the  Old  Red  by  containing  ichthjolites  of  genera  which  characterize 
this  group  in  the  British  Isles,  as,  for  example,  HoloptychitUy  Coccastewt^ 
DiplapteruSy  <fec.,*  associated  with  moUusca  found  in  the  Devonian  of 
Western  Europe.  Among  the  fish  are  also  many  species  of  sharks  of 
the  Cestraciont  division,  a  fact  worthy  of  notice,  because  the  squaloid 
fishes  of  the  present  day  offer  the  highest  organization  of  the  brain  and 
of  the  generative  organs,  and  make,  in  these  respects,  the  nearest  ap- 
proach to  the  higher  vertebrate  classes. 

Devonian  Strata  in  the  United  States, 

The  position  of  this  formation  between  the  carboniferous  rocks  of 
Pennsylvania  and  Ohio,  is  pointed  out  in  the  section,  fig,  3Y9,  p.  32Y, 
and  it  is  a  remark  of  M.  de  Verneuil  that  in  no  European  country  is 
there  so  complete  and  uninterrupted  a  development  of  the  Devonian 
system  as  in  North  America.  At  the  falls  of  the  Ohio,  at  Louisville,  in 
Kentucky,  there  is  a  grand  display  of  one  of  the  limestones  of  this 
period,  resembling  a  modern  coral  reef.  A  wide  extent  of  surface  is  ex- 
posed in  a  series  of  horizontal  ledges,  at  all  seasons,  when  the  water  is 
not  high ;  and  the  softer  parts  of  the  stone  having  decomposed  and 
wasted  away,  the  harder  calcareous  corals  stand  out  in  reliefl  and  many 
of  them  send  out  branches  from  their  erect  stems  precisely  as  if  they 
were  linng.  Among  other  species  I  observed  large  masses,  not  less  than 
6  feet  in  diameter,  of  Favosites  gothlandica^  with  its  beautiful  honeycomb 
structure  well  displayed,  and,  by  the  side  of  it,  the  Favistella,  combining 
a  similar  honeycombed  form  with  the  star  of  the  Astrcea,  There  was 
also  the  cup-sliaped  CyatJiophyllum^  and  the  delicate  network  of  the 
Fenestellaj  and  that  elegant  and  well-known  European  species  of  fossil, 
called  "  the  chain  coral,"  Catenipora  esckaroideSy  with  a  profusion  of 
others  (see  fig.  423,  p.  355).  These  coralline  forms  were  mingled  with 
the  joints,  stems,  and  occasionally  the  heads,  of  lily  encrinites.  Although 
hundreds  of  fine  specimens  have  been  detached  from  these  rocks  to  en- 
rich the  museums  of  Europe  and  America,  another  crop  is  constantly 
working  its  way  out,  under  the  action  of  the  stream,  and  of  the  sun  and 
rain,  in  the  warm  season  when  the  channel  is  laid  dry.  The  waters  of 
the  Ohio,  when  I  visited  the  spot  in  April,  184B,  were  more  than  40  feet 
below  their  highest  level,  and  20  feet  above  their  lowest,  so  that  large 
spaces  of  bare  rocks  were  exposed  to  view.f 

Devonian  Flora, 

With  the  exception  of  the  fucoids  above  mentioned  (p.  344),  but  lit- 
tle is  known  with  certainty  of  the  plants  of  the  Devonian  group.  Those 
found  in  the  department  of  La  Sarthe  in  France,  and  in  various  parts  of 
Brittany,  formerly  referred  to  the  Devonian  era,  have  been  shown  (in 

*  See  Proceedings  of  OeoL  See  and  the  anniversary  speech  of  Dr.  Backland, 
P.  G.  a,  for  1841. 

t  Lyell's  Second  Visit  to  the  United  States,  vol.  il  p.  277. 


S50  SILURIAN  GBOUP.  [Ob.  UYU 

1850),  by  M.  de  Veraeuil,  to  belong  to  the  carboniferouB  series.  The 
same  may  be  said  of  the  species  of  Lepidodendron^  Knorria^  Calamity 
Sagenaria,  and  other  genera  recently  figured  (1850),  by  Mr.  F.  A.  Homer, 
from  the  formation  called  "  Grey wack6  k  Posodonomyes"  in  the  BLartz.* 
They  are  accompanied  by  Ooniatites  reticulattu  Phillips,  G,  intercoata- 
tu9  Phil.,  and  other  mountain  limestone  species,  and  had  been  previously 
assigned  to  the  oldest  part  of  the  carboniferous  series  by  Messrs.  Murchi- 
son  and  Sedgwick. 

If  hereafter  we  should  become  well  acquainted  with  the  land  plants 
of  the  Devonian  era,  we  may  confidently  expect  that  nearly  all  of  them 
will  agree  generically  with  those  of  the  carboniferous  period,  but  the 
species  will  be  as  different  as  are  the  Devonian  vertebrate  and  inverte- 
brate animals  from  the  fossil  species  of  the  Coal. 


CHAPTER  XXVII. 

SILURIAN    GROUP. 


Silurian  strata  formerly  called  transition — Term  grauwack^ — Subdivisions  of 
Upper  and  Lower  Silurian — Ludlow  fomution  and  fossils— Wenlock  formation, 
corals  and  shells — Caradoc  and  Llandeilo  beds — Graptolites — Lingula — ^Tri* 
lobitefi — Cystideae — Vast  thickness  of  Silurian  strata  in  North  Wales — Uncoo- 
formability  of  Caradoc  sandstone — Silurian  strata  of  the  United  State»— 
Amount  of  specific  agreement  of  fossils  with  those  of  Europe — Great  number 
of  brachiopods — Deep-sea  origin  of  Silurian  strata — Absence  of  fluviatile  formi* 
tions — Mineral  character  of  the  most  ancient  fossiliferous  rocks. 

We  come  next  in  the  descending  order  to  the  most  ancient  of  the  pri- 
mary fossiliferous  rocks,  that  series  which  comprises  the  greater  part  of 
the  strata  formerly  called  "  transition"  by  Werner,  for  reasons  explained 
in  Chap.  VIIL  pp.  91  and  92.  Geologists  have  also  applied  to  these 
older  strata  the  general  name  of  "  grauwacke,"  by  which  the  German 
miners  designate  a  particular  variety  of  sandstone,  usually  an  aggregate 
of  small  fragments  of  quartz,  flinty  slate  (or  Lydian  stone),  and  clay- 
slate  cemented  together  by  argillaceous  matter.  Far  too  much  import- 
ance has  been  attached  to  this  kind  of  rock,  as  if  it  belonged  to  a  certain 
epoch  in  the  earth's  history,  whereas  a  similar  sandstone  or  grit  is  found 
sometimes  in  the  Old  Red,  and  in  the  Millstone  Grit  of  the  Coal,  and 
sometimes  in  certain  Cretaceous  and  even  Eocene  formations  in  the  Alps. 

The  name  of  Silurian  was  first  proposed  by  Sir  Roderick  Murchison, 
for  a  series  of  fossiliferous  strata  lying  below  the  Old  Red  Sandstone, 
and  occupying  that  part  of  Wales  and  some  contiguous  counties  of  Eng- 
land, which  once  constituted  the  kingdom  of  the  SilurM,  a  tribe  of 
ancient  Britons.     The  strata  have  been  divided  into  Upper  and  Lower 

*  Memoir  on  the  Hartz,  Palnoatographica  of  Dtmker  and  Von  Meyer,  pari  iiL 
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Silurian,  and  these  again  in  the  r^on  alluded  to  admit  of  several  well- 
marked  subdivisions,  all  of  them  explained  in  the  following  table. 


L  Ladlow 
fbrmatioD. 


2.  Wenlock 
formation. 


UPPER  SILURIAN  ROCKa 


Prevailing  Llthologl- 
cal  diaractoiik 

fFioelv     UuniDEted 
recldiah  and 

green  sandstones 
and  shales. 


Upper     j  Micaceous       gray 
Lndlow.    f      sandstone. 


Aymestrj  (  Argillaceous  lime- 
limestone.   {      stone. 


Lower 
Ludlow. 


Shale,  with  concre- 
tions of  lime- 
stone. 


Wenlock  )  Concretionary 

limestone.  )      limestone. 

Wenlock  )  Argillaceous 

shale.  )      shale. 


Thkk- 

B«6Sin 

ibet 


800? 


Orgtnio  remainSb 


2000 


Marine  moUusca  of  al- 
most every  order.the 
Brachiopoda  most 
abundant  Serpula, 
Corals,  Sauroid  fish, 
Fuel 


1800-^ 


Marine  mollusca  of  va- 
rious orders  as  be- 
fore, Cru!%taceans  of 
the  Trilobite  family. 

Oldest  bones  of  fish 
yet  known. 


LOWER  SILURIAN  ROCKa 


8.  Caradoc 
formation. 

4.  Llandeilo 
formation. 


)    Caradoc 


'Flags  of  shelly 
limestone  and 
sandstone,  thick  S-  2600 


)  sandstones.        1,^^^^^      ^hite 

freestone.  J 

!  Llandeilo  j  Dark  colored   cal- ) 
flags.       (      careous  flags.        ) 


Crinoidea,  Corals,  Mol- 
lusca, chiefly  Brachi- 
opoda, Trilobitet. 


1200      Mollusca,  Trilobites. 


UPPER   SILURIAN    ROCKS. 

Ludlow  fw^mation. — This  member  of  the  Upper  Silurian  group,  as 
will  be  seen  by  tlie  above  table,  is  of  great  thickness,  and  subdivided 
into  four  parts — the  Tilestone,  the  Upper  and  Lower  Ludlow,  and  the 
intervening  Aymestiy  limestone.  Each  of  these  may  be  distinguished 
near  the  town  of  Ludlow,  and  at  other  places  in  Shropshire  and  Here- 
fordshire, by  peculiar  organic  remains. 

1.  Tilestones, — ^This  uppermost  division  was  originally  classed  by  Sir 
R.  Murchison  with  the  Old  Red  Sandstone,  because  they  decompose  into 
a  red  soil  throughout  the  Silurian  region.  At  the  same  time  he  regard- 
ed the  tilestones  as  a  transition  group  forming  a  passage  from  Silurian 
to  Old  Red.  It  is  now  ascertained  tliat  the  fossils  agree  in  great  part 
specifically,  and  in  general  character  entirely,  with  those  of  the  succeed- 
ing formation. 

2.  Upper  Ludlow. — The  next  division,  called  the  Upper  Ludlow,  con- 
oats  of  gray  calcareous  sandstone,  decomposing  into  soft  mud,  and  con- 
tains, among  other  shells,  the  Linffula  cornea^  which  is  common  to  it 
and  the  lowest,  or  tilestone  beds  of  the  Old  Red.    But  the  OrthU  cr- 
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bieularit  is  peculiar  to  the  Upper  Ludlow,  and  very  oommon ;  ind  Hu 
lowest  or  mud-stone  beds  are  loaded  for  a  thicknoaa  of  SO  feet  witk 


• 


Tirtbralula  naticiila,  J.  Sov. 
ATinflttiy  11mstoD«:  ftbo  In 
iTpper  ud  Lower  Ladloir. 


Terebratula  navieula  (fig.  410),  in  vast  numbers.  Among  the  n^» 
lopodous  mollusca  occur  the  genera  Bellerophoa  and  Orthortratt  taA 
among  the  Crustacea  the  Homalonotua  (fig,  418,  p.  354).  A  ooral  eJki 
Favosiles  polymorpha,  Goldf.  (fig.  401,  p.  346),  is  found  both  in  tliii 
subdivision  and  in  the  Devouian  system. 

Among  the  fossil  shells  are  species  of  Leptwna,  Orthit,  TVreftraAiJi, 
Avicula,  Trockus,  Ortkoceras,  liellfrophon,  and  otiiers.* 

Some  of  the  Upper  Ludlow  sandstones  are  ripple-marked,  thus  afford- 
ing evidence  of  gradual  deposition  ;  and  the  same  may  be  said  of  the 
accompanying  Rue  argillaceous  shales  which  are  of  great  thickness,  and 
have  been  provincially  named  "  mudstonea."  In  tliese  shales  many  zoo- 
phytes are  found  enveloped  in  an  erect  position,  having  evidently  become 
fossil  on  the  spoti  where  they  grew  lU  the  bottom  of  the  si-a.  The  fa- 
cility with  which  these  rociiB,  when  exposed  to  the  weather,  are  resolved 
into  mud,  proves  that,  notwithstanding  their  antiquity,  they  are  nearly 
iu  the  state  in  which  they  were  first  thrown  down. 

The  scales,  spines  {ichlkyodorulitei),  jaws,  and  teeth  of  fish  of  the 
genera  Onchus,  Pleclrodus,  and  others  of  the  same  family,  have  been 
met  with  in  tlie  Upper  Ludlow  rocks. 

3.  Aj/mtslry  liitieslone. — The  next  group  is  a  subcrystalline  and  ar- 
gillaceous limestone,  which  is  in  some  places  50  feet  thick,  and  distin- 

FlfE.41L 


h  both  Tilvn,  iJ 

*  MurcUMO,  Silurian  Sjitam,  pp^  IBB,  199. 
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gnished  ftroond  Aymestrj  by  the  abundnnce  of  Pentamerut  Knightii, 
Sow.  (fig.  411),  also  found  in  the  Lower  Ludlow.  This  genus  of  bra- 
cbiopoda  has  ooly  been  found  in  the  Siluriitn  strata.  The  nnmo  was 
derived  from  rsvrf,  penU,  five,  and  ^Efrng,  meroa,  a  part,  because  both 
valves  are  divided  by  a  central  septum,  making  four  chambers,  and  in 
one  valve  the  septum  itself  contitins  a  small  chamber,  making  five  ;  but 
neither  the  structure  of  this  shell,  nor  the  oonnection  of  the  animal  witt 
ita  several  parts,  are  as  yet  understood.  Messrs.  Murchison  and  De  Ver- 
ne us.  neuil  discovered  this  species  dispersed  in  myriads 
through  a  white  limestone  of  upper  Silurian  age,  on 
the  banks  of  tho  Is,  on  the  eastern  flank  of  the  Urals 
Russia. 

Three  other  abundant  shells  in  the  Aymestry  lime- 
stone are,  1st,  JAn^ala  Lemsii  {ig.  i\2) ;  3d,  Ten- 
bratula  WiUoni,  Sow.  (fig.  413),  which  is  also  common 
to  the  Lower  Ludlow  and  Wenlock  limestone ;  3d, 
Alrypa  reticularis,  Lin.  (fig.  414),  which  has  a  very 
wide  range,  being  found  in  every  part  of  the  Silurian 
system,  except  the  Llandeilo  flags. 


Abypa  Tillcvlarit,  linn. 


4.  LoiMT  Lridlow  thaU. — A  da^-gray  ar^Uaceous  deposit,  cont^u- 
ing,  among  other  fossils,  the  new  genera  of  chambered  shells,  the  Phrap- 
fRocn^u  of  Broderip,  and  the  ZitfttfM  of  Breyu  (see  figs.  415,  41C).  "nw' 
latter  is  partly  straight  and  partly  convoluted,  nearly  as  in  Spirula. 


The  Orthoetrai  Ladenie  (fig.  417),  us  well  as  tlie  shell  tost  mentioned, 
is  peculiar  to  this  member  of  the  series.    The  Homalonolut  delphima- 


p/ialus  (fig.  418)  is  common  to  this  division  uid 
to  UieWeiilock  limestone.  This  crustacean  belongi 
to  a  group  of  trilobites  which  Iihs  lieen  met  with 
in  the  Silurian  rocks  only,  and  in  which  the  tripsr- 
tite  character  of  the  doratil  (Tiist  is  almost  lost. 

A  Bpecics  of  Gniplohte,  O.  Ludentit,  Hnrdi. 
(Hg.  419),  a  form  of  zoophyte  which  hns  notyit 
been  met  ntth  in  stnitA  newer  than  the  rilunan, 
occurs  in  tJie  Lower  Ludlow. 

Wenlock  formation. — We  neit  come  to  the 
Wenlock  formation,  which  lias  been  divider!  (see 
Table,  p.  351)  into 

I.  Wenlock  limestone,  formerly  well  known  to 
collectors  by  the  name  of  the  Dudley  limestone, 
which  forms  a  continuous  ridge,  mnfring  for  about 
20  miles  from  S.  W.  to  N.  E.,  about  a  mile  dis- 
tant from  tlie  nearly  parallel  cscnrpment  of  the 
The  prominence  of  this  rock  in  Shropshire,  like 
duo  to  its  solidity,  and  to  the  soflnws  of  the  shales 


■  BQnriui  Sjiteto,  pL  7,  tU.  fig.  1,  b 
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Ft»  *i».  above  and  below.    It  is  divided  into  laige 

^^^^^^^^^^^^^^K  concrettonalmasseflof  pure  limestone,  and 

abounds  in  trilobites,  among  which  tLe 

s™p*»''*'™^j|^™j'*  MimUMn.  prevailing  species  are  Phaeopt  eaudalua 

{dg.  422)  and  Calymene  Blvmenbachii, 

cotnmoiily  called  the  Dudley  trilobite.    The  latter  U  oA«n  found  coiled 

np  lilA  a  wood-louse  (see  fig.  420). 


Zililana  dtpitna.    Vi 


Leptana  depreiia,  Sow.,  is  common  in  this  rock,  but  also  ranges 
through  the  Lower  Ludlow,  Wonlock  shale, 
and  Caradoc  Sandstone. 

Among  the  corals  in  which  this  formation  ia 
very  rich,  the  Calenipora  escharoidei,  Lam.  (fig. 
423),  or  chain  coral,  may  be  pointed  out  as  one 
very  easily  recognized,  and  widely  spread  in 
Europe,  ranging  through  all  parts  of  the  Silu- 
rian group,  from  the  Aymestry  limestone  to  tlie 
bottom  of  the  series. 

Another  coral,  the  Ponies  pyri/ormit,  is  also 
met  with  in  profiiston;  a  speciea  common  to 
the  Devonian  rocks. 

Cyttiphyllum  Siluriense  (fig.  425)  is  a  spe- 
cies peculiar  to  the  Wenlocfc  limestone.     This 
new  genus,  the  name  of  which  is  derived  from 
xuo'ri;,  a  bladder,  and  f  uXXov,  a  leaf,  was  instituted  by  Mr.  Lonsdale 
for  corals  of  the  Silurian  and  Devonian  groups.    It  is  composed  of  small 
bladderlike  celb  (see  fig.  425,  h). 

2.  The  Wenlock  Shale,  which  exceeds  TOO  feet  in  thickness,  contains 
many  species  of  brachiopoda,  such   as  a  small  variety  of  tbe  Lmguia 
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ParOu  pt/rlfiyrmi*.  Ehnii.  a.  OfitlpItvUun  Starltmtt,  LoMd.    Wnlntk. 

'VanlocklliiiMLaiidihmla.  Alu  Id  AjrmHtrr     b.  Btctlon  of  ponton,  ihowlni  eaUi. 

IJmeatoii«indI.LDdlow. 
a.  TfirUo]  B«l1oD,  Hhowlng  tmUTCru  Uravllie, 

Zeteisii  (fig.  412),  and  tlie  Alrypa  reiieularig  (fig,  414)\efore  mendoaed, 
and  it  will  be  seen  that  several  oUier  fossils  before  eaumerated  nnga  inlci 
this  shale. 

LOWBR  SILURIAN   ROCKB. 

The  Lover  Silurian  rocks  have  been  subdivided  into  two  piortioD*. 

1.  The  Caradoc  sandstone,  which  abuts  against  the  trappean  chain 
called  the  Caradoc  Hills,  in  Shropshire.  Its  tbickneas  is  estimated  at 
2500  feet,  and  the  larger  proportion  of  its  fossils  are  specifically  distinct 
from  those  of  the  Upper  Silurian  rocks.  Among  them  we  find  many 
trilobites  and  shells  of  the  genera  Orlhoceraa,  yaatUut,  and  BdUrophmt  ; 
and  among  the  Brachiopoda  the  Pentamentt  Mtmgut  and  P.  lata 
(fig.  420),  which  are  very  abundant  and  peculiar  to  this  bed ;  alao 


^b.^' 


,b.  VlemorUiea 

b«ll  \Ue\i  trom  fl^m  Id  Mnnhbon' 

,  I>.u™J  «a(  of  1 

.  vilvf,  the  >p>oe  od«  occnplod  bT  U 

«D  ■  »<t  orih,  chunber  wJlhlD  UK  1 

OrthisgrandU  (fig.  427),  and  a  fossil  of  well-defined  form,  TentacHlitet 
anuulatus,  Schlot  (fig.  426),  which  Mr.  Salter  has  shown  to  be  refer- 
aUe  to  the  Annelids  and  to  the  same  tribe  u  Serputa. 


CfcXIVn.]  LLANDEnJO  FLAG! 


Fif.  ut.  Tdg  most  ancient  bony  remains  of  fish  yet  discovered 

""^  in  Great  Britain  are  those  obtained  from  the  Wenlook 

limestones;  but  coprolites  referred  to  fish  occur  bUQ 
lower  in  tlie  Silurian  series  in  Wales. 

2.   The  Llandeilo  flags,   so  named  (rom   a   town 
in  Ciiemartbenshire,  form   the   base   of  the  Silurian 
system,  consisting  of  diirk-colored  micaceous  grit,  fre- 
quently calcareous,  and  distinguished  by  containing  the 
OntioBnUi,^w  large    trilobilea  Aeaphua    liuckii   and   A.    ti/rarmtu, 
»jji,AiaphiitBucMi,  Murch^   both   of  which   are  peculiar  to  these  rocks. 
^^uif'  "^  Several  species  of  Graptolites  (fig.  430)  occur  in  these 

beds. 
In  tJie  fine  shales  of  this  formation  Graptolites  are  very  abundant. 
I  collected  these  same  bodies  in  great  num- 
bers in  Sweden  and  Norv^ay  in  1835-6, 
both  in  the  higher  and  lower  shales  of  the 
Silurian  system  ;  and  was  informed  by 
Dr.  Beck  of  Copenhagen,  that  they  were 

, i  fossil  zoophytes  related  to  the  genera  Pen- 

^'^^^^^Sg^^^^--— ,     natula  and  Virgularia,  of  which  the  liv- 
^^^^^^     ing  species  now  inhabit  mud  and  slimy 
sediment.     Tlio  most  eminent  naturalists 
PI   ^,  still  hold  to  this  opinion. 

.— T  ■-  ;:^a^^7  -^   species  of  JAngula  is  met  with   in 

^SSSSSBOkKKp  the  lowest  part  of  the  Llandeilo  beds ; 

^^^itsi^^^^£a^  *"^  '^  '^  '■e'°»^l="t''6  that  this  biachiopod 
'"*'^*dto  £2^*™*  MiBoGtoo.  is  among  the  earliest,  if  not  tha  moat  an- 
cient animal  form  detected  in  the  lowest 
Silurian  of  North  America.  These  inhabitants  of  the  seas,  of  so  remote 
an  epoch,  belonged  so  strictly  to  the  living  genus  LingiUa,  as  to  demon- 
strate, like  the  pteriform  ferns  of  the  coal,  through  what  incalculable 
periods  of  lime  the  same  phin  and  type  of  organization  has  sometimea 
prevailed. 

Among  the  forms  of  trilobite  extremely  characteristic  of  the  Lower 
Silurian  throughout  Europe  and  North  America,  the  Trinucleus  may 
be  mentioned.  This  family  of  crustaceans  appears  to  have  swarmed  in 
the  Silurian  seas,  just  as  crabs,  ebrimpa,  and  other  genera  of  crnstaceBos 
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mbound  id  our  own.  Buimeister,  id  Im  work  on  th«  organiaUion  of  tri< 
lobius,  sDppoeea  them  to  bare  swum  at  the  surfiuM  of  the  water  in  tba 
open  sea  and  near  coasts,  feeding  od  smaller  marine  animala,  aod  to 
have  bad  the  power  of  rolling  th^welvea  into  a  ball  aa  a  defence  agunat 


injurj.  They  underwent  various  transformations  analogous  to  those  of 
living  crustaceans.  M.  Barrande,  autlior  of  a  work  on  the  Silurian  rocks 
of  Bohenna,  has  traced  the  same  species  from  the  young  state  just  after 
its  escape  from  the  e^to  the  adult  fonn,tlirough  various  metamorphoses, 
eadi  having  the  appearance  of  a  distinct  species.  Yet,  notwithstanding 
the  numerous  species  of  preceding  naturalists  which  he  has  thus  suc- 
ceeded in  uniting  into  one,  he  announces  a  forthcoming  work  in  which 
descriptions  and  figures  of  250  species  of  Trilobite  will  be  given. 

Cyttidtxe. — Among  the  additions  which  recent  research  haa  made  to 
the  paleoDtolog}-  of  the  oldest  Silurian  rocks,  none  are  more  remarkaUe 
Pj^  ^g^  than  the  radiated  animals  called  Cyittdai, 

Their  structure  and  relations  were  first  elu- 
cidated in  an  essay  published  by  Von  Budi 
at  Berlin  in  1S45.  Tliey  are  usually  met 
with  as  spheroidal  bodies  covered  with  po- 
lygonal plates,  with  a  mouth  on  the  upper 
side,  and  a  point  of  attachment  for  a  stem 
b  (which  is  almost  always  broken  off)  on 
the  lower.  (See  fig.  433.)  They  are  con- 
sidered by  Prof.  R  Forbea  as  intermecliate 
between  the  crinoids  and  echinoderms.  The 
Spharonilei  here  represented  (fig.  433) 
Low«8iii.rUn.Sboia>K«ik»ndB.ii  oocur  In  the  Llandeilo  beds  in  Walea.* 

Thickneu  and  unron/ormabilily  of  Siluriaa  »trata. — According  to 
the  observation  of  our  government  surveyors  in  North  Wales,  iha 
Lower  Silurian  strata  of  that  region  attain,  in  conjunction  with  the  con- 

*  Qnart  OeoL  Jourtk  vol  it  p.  11 1  and  Uetooinof  GeoLSurvej,  voLilp.61& 
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temporaneous  volcanic  rocks,  the  extraordinary  thickness  of  27,000  feet 
One  of  the  groups,  called  the  trappean,  consisting  of  slates  and  associated 
volcanic  ash  and  greenstone,  is  15,000  feet  thick.  Another  series,  called 
the  Bala  group,  composed  of  slates  and  grits  with  an  impure  limestone 
rich  in  organic  remains,  is  9000  feet  thick.* 

Throughout  North  Wales  the  Wenlock  shales  rest  unconformably 
upon  the  Caradoc  sandstones ;  and  the  Caradoc  is  in  its  turn  unconform- 
able to  the  Llandeilo  beds,  showing  a  considerable  interval  of  time 
between  the  deposition  of  this  group  and  that  of  the  formations  next 
above  and  below  it.  The  Caradoc  sandstone  in  the  neighborhood  of  the 
Longmjnd  Hills  in  Shropshire,  appears  to  Professor  E.  Forbes  to  have 
been  a  deep-sea  deposit  formed  around  the  margin  of  high  and  steep 
land.  That  land  consisted  partly  of  upraised  Llandeilo  flags  and  partly 
of  rocks  of  still  older  date.f 

Such  evidence  of  the  successive  disturbance  of  strata  during  the  Silu- 
rian period  in  Great  Britain  is  what  we  might  look  for  when  we  have 
discovered  the  signs  of  so  grand  a  series  of  volcanic  eruptions  as  the 
contemporaneous  greenstones  and  tuffs  of  the  Welch  mountains  afford. 

Silurian  Strata  of  the  United  States, 

The  position  of  some  of  these  strata,  where  they  are  bent  and  highly 
inclined  in  the  Appalachian  chain,  or  where  they  are  nearly  horizontal 
to  the  west  of  that  chain,  is  shown  in  the  section,  fig.  370,  p.  327.  But 
these  formations  can  be  studied  still  more  advantageously  north  of  the 
same  line  of  section,  in  the  states  of  New  York,  Ohio,  and  other  regions 
north  and  south  of  the  great  Canadian  lakes.  Here  they  are  found,  as 
in  Russia,  in  horizontal  position,  and  are  more  rich  in  well-preserved 
fossils  than  in  almost  any  spot  in  Europe.  The  American  strata  may 
readily  be  divided  into  Upper  and  Lower  Silurian,  corresponding  in  age 
and  fossils  to  the  European  divisions  bearing  the  same  names.  The 
subordinate  members  of  the  New  York  series  founded  on  lithological 
and  geographical  considerations,  are  most  useful  in  the  United  States, 
but  even  there  are  only  of  local  importance.  Some  few  of  them,  how- 
ever, tally  very  exactly  with  English  divisions,  as  for  example  the  lime- 
stone, over  which  the  Niagara  is  precipitated  at  the  great  cataract,  which, 
with  its  underlying  shales,  agrees  paleontologically  with  the  Wenlock 
limestone  and  shale  of  Siluria.  There  is  also  a  marked  general  cor- 
respondence in  the  succession  of  fossil  forms,  and  even  species,  as  we 
trace  the  organic  remains  downwards  from  the  highest  to  the  lowest  beds. 

Mr.  D.  Sharpe,  in  his  report  on  the  mollusca  collected  by  me  from 
these  strata  in  North  America,^  has  concluded  that  the  number  of  spe- 
cies common  to  the  Silurian  rocks,  on  botli  sides  of  the  Atlantic,  is 
between  30  and  40  per  cent. ;  a  result  which,  although  no  doubt  liable 
to  future  modification,  when  a  larger  comparison  shall  have  been  made, 
proves,  nevertheless,  that  many  of  the  species  had  a  wide  geographical 

♦  Quart.  Oi»c)L  Journ.  vol  iv.  p.  800.  f  Ibid.  299.  t  Ibid.  146. 
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range.  It  seems  that  comparatively  few  of  the  gasteropods  and  lamdE- 
branchiate  bivalves  of  North  America  can  be  identified  spedficailj  with 
European  fossils,  while  no  less  than  two-fifths  of  the  brachiopoda  are  Um 
same.  In  explanation  of  these  facts,  it  is  suggested,  that  most  of  the 
recent  brachiopoda  (especially  the  orthidiform  ones)  are  inhabitantB  dt 
deep  water,  and  may  have  had  a  wider  geographical  range  than  shells 
living  near  shore.  The  predominance  of  bivalve  mollusca  of  this  pecu- 
liar class  has  caused  the  Silurian  period  to  be  sometimes  styled  the  age 
of  brachiopods. 

Whether  the  Silurian  rocks  are  of  deep-ttniter  origin, — ^The  grounds 
relied  upon  by  Professor  E.  Forbes,  for  inferring  that  the  larger  part  of 
tlie  Silurian  Fauna  is  indicative  of  a  sea  more  than  70  fathoms  deep, 
are  the  following :  first,  the  small  size  of  the  greater  number  of  condii- 
fera ;  secondly,  the  paucity  of  pectinibranchiata  (or  spiral  univalves) ; 
thirdly,  the  great  number  of  floaters,  such  as  Bellerophon,  Orthoceras, 
<fec. ;  fourthly,  the  abundance  of  orthidiform  brachiopoda ;  fifUily,  the 
absence  or  great  rarity  of  fossil  fish. 

It  is  doubtless  true  that  some  living  Terehratuloe^  on  the  coast  of  Aus- 
tralia, inhabit  shallow  water ;  but  all  the  known  species,  allied  in  form 
to  the  extinct  Orthis^  inhabit  the  depths  of  the  sea.  It  should  also  be 
remarked  that  Mr.  Forbas,  in  advocating  these  views,  was  well  awaie  of 
the  existence  of  shores,  bounding  the  Silurian  sea  in  Shropshire,  and  of 
the  occurrence  of  littoral  species  of  this  early  date  in  the  northern  hem- 
isphere. Such  facts  are  not  inconsistent  with  his  theory ;  for  he  has 
shown,  in  another  work,  how,  on  the  coast  of  Lycia,  deep-sea  strata  are 
at  present  forming  in  the  Mediterranean,  in  the  vicinity  of  high  and 
steep  land. 

Had  we  discovered  the  ancient  delta  of  some  large  Silurian  river,  we 
should  doubtless  have  known  more  of  the  shallow,  and  brackish  water, 
and  fluviatile  animals,  and  of  tlie  terrestrial  flora  of  the  period  under 
consideration.  To  assume  that  there  were  no  such  deltas  in  the  Silurian 
world  would  be  almost  as  gratuitous  an  hypothesis,  as  for  the  inhabitants 
of  the  coral  islands  of  the  Pacific  to  indulge  in  a  similar  generalization 
respecting  the  actual  condition  of  the  globe.* 

Mineral  Character  of  Silurian  Strata, 

In  lithological  character,  the  Silurian  strata  vary  greatly  when  we 
trace  them  through  Europe  and  North  America.  The  shales  called  mud- 
stones  are  as  little  altered  from  some  deposits,  found  in  recent  submarine 
banks,  as  are  those  of  many  tertiary  formations.  We  meet  with  red 
sandstone  and  red  marl,  with  gypsum  and  salt,  of  Upper  Silurian  date  in 
the  Niagara  district,  which  might  be  mistaken  for  trias.  The  whidsli 
granular  sandstone  at  the  base  of  the  Silurian  series  in  Sweden  resem- 

*  Since  this  was  written,  Mr.  Logan  has  discovered  chelonian  footprints  in  the 
lowest  fossiliferous  beds  of  the  Silurian  series,  near  Montreal,  in  Canada.  Pro 
fessor  Owen  inclines  to  refer  them  to  the  genus  JStnyx. — QuarL  Joum,  G,  B^t  vol 
vil  pw  Ixxvl 
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bles  the  tertiaiy  siliceous  grit  of  Fontainebleau.  The  Calcareous  Grit, 
oc^te,  and  pisolite  of  Upper  Silurian  age  in  Gothland,  are  described  by 
Sir  R.  Murchison  as  singularly  like  rocks  of  the  oolitic  period  near  Chel- 
tenham, and,  not  to  cite  more  examples,  the  Wenlock  or  Dudley  lime- 
stone often  resembles  a  modem  coral-reef.  If,  therefore,  uniformity  of 
aspect  has  been  thought  characteristic  of  rocks  of  this  age,  the  idea  must 
have  arisen  from  the  similarity  of  feature  acquired  by  strata  subject  to 
metamorphic  action.  This  influence,  seeing  that  the  causes  of  change 
are  always  shifting  the  theatre  of  their  principal  development,  must  be 
multiplied  throughout  a  wider  geographical  area  by  time,  and  become 
more  general  in  any  given  system  of  rocks  in  proportion  to  their  anti- 
quity. We  are  now  acquainted  with  dense  groups  of  Eocene  slates 
in  the  Alps,  which  were  once  mistaken  by  experienced  geologists  for 
Transition  or  Silurian  formations.  The  error  arose  from  attaching  too 
great  importance  to  mineral  character  as  a  test  of  age,  for  the  tertiary 
slates  in  question  have  acquired  that  crystalline  texture  which  is  in 
reality  most  prevalent  in  the  most  ancient  sedimentary  formations. 

CAMBRIAN    GROUP. 

Below  the  Silurian  strata  in  North  Wales,  and  in  the  region  of  the 
Cumberland  lakes,  there  are  some  slaty  rocks,  devoid  of  organic  remains, 
or  in  which  a  few  obscure  traces  only  of  fossils  have  been  detected  (for 
which  tlie  names  of  Cambrian  and  Cumbrian  have  been  proposed). 
Whether  these  will  ever  be  entitled  by  the  specific  distinctness  of  their 
fossils  to  rank  as  independent  groups,  we  have  not  yet  sufficient  data  to 
determine. 
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Showing  the  Order  of  Superposition  or  Chronological  Succession  of 

the  Principal  European  Groups, 

I.    POST-TERTIAEY. 

A.    POST-PLIOCENE. 

Periods  and  Oroups.  Exampleak  Obeervttlonfl. 

^Peat-mosses  and  shell-marl,  1  All  the  imbedded  shells, 
with  bones  of  land-animals,  I  freshwater  and  marine, 
human  remains,  and  works  I  of  living  species,  with  oo- 
ofart.  *     casional    human    remains 

Newer  parts  of  modem  deltas 
and  coral  reefs. 

I  Clay,  marl,  and  volcanic  tufif' 


1.  Recent. 


and  works  of  art 


I      of  Ischia,  p^llS. 


All  the  shells  of  living  spe- 
cies.   No  human  remams 
2.  Post-Pliocene.     \  Loess  of  the  Rhine,  p.  117.      |-     or  works  of  art    Bones  of 

'  Newer  part  of  boulder  forma- 1      (quadrupeds,  partly  of  ex- 
tioo,  with  erratics,  pw  124^  J      tmct  spedesL 


862 


TABDIiAB  VIEW  OF 


[CkXXVU 


n.    TERTIARY. 


Ptriodt  «nd  Qroups. 


8.  Newer  Pliocene 
or  Pleifltocena 


R    PLIOCENR 
EzamplML 


Boulder  formiition  or  drift  of 
northern  Europe  and  North 
America,  chaps.  11  dc  IS. 

Cavern  dcpoeits  and  oascous 
breccias,  p.  153. 

Fluvio>marine  crag  of  Nor- 
wich, p.  148. 

Limestone  of  Oirgenti,  in  Si- 
cily, p.  162. 


C  Red  and  Coralline  crag  of 
4.  Older  Pliocene.    ■]      Suffolk,  p.  162. 

(  Suba{)enmne  beds,  p.  166. 

C.    MIOCENE. 


ObscrratSoiii. 

r  Three-fourths   of   the   (qmI 
shells  of  existing  species. 

A  maiority  of  the  mammalia 
eztmct ;  but  the  genera  cor- 
resp(Hiding  with  thortc  now 
surviving  in  the  name  great 
geographical  and  zoological 
province,  p.  157. 

During  part  of  this  period  ice- 
bergs freauent  in  the  seasd 
the  nortnem  hemktpbere. 
and  glaciers  on  hills  of  mod- 
erate hei^t 

"  A  third  or  more  of  the  species 
of  moUusca  extinct. 

Nearly,  if  not  all,  the  mamma- 
lia extinct. 


5.  Miocene. 


{Faluns  of  Touraine,  p.  168. 
I'art  of  Bourdeaux  beds,]).  171.^ 
Part  of  Molasse  of  Switzer- 
land, p.  171. 


'About  two-thirds  of  the  spe- 
cies of  shells  extinct. 

The  recent  species  of  shells 
often  not  found  in  the  ad- 
joining seas,  but  in  warmer 
latitudes. 

All  the  mammalia  extinct 


6.  Upper  Eocene.    - 


7.  Middle  fAKone.    ^ 


8.  Lower  Eocene.    ■> 


D.    EOCENR 

"  Upper  marine  of  Paris  basin,  Fon- ' 
t^iineblcau  sandstcme,  p.  175. 

Upper  freshwater  and  millstone 
of  same. 

KleynSpauwcn  beds,  p.  176. 

UermiMlorf  tile-clay,  near  13<*rlin. 

Mayence  tertiary  strata,  p.  177. 

Frerthwatcr  beds  of  Liniogiie  d'Au- 
vergne,  p.  181. 

'  Paris  gypsum  with  Paleotherium, 

drc,  p.  191. 
FrcHhwater  and  fluvio-morine  beds 

of  Pleadon  Hill,  Isle  of  Wight, 

p.  197. 
Barton  beds,  Hants,  p.  198. 
Calcairc  Orossier,  Pariis  p.  193. 
Bai^hot  and  Bracklesliam    beds, 

Surrey  and  Sussex,  pi  198. 

Jjondon  clay  proper  of  Ilii^hgate 

Hill     and     Sheppey, — Bognor 

beds,  Sussex,  p.  200. 
Sables  inferieura,  and  lits  coquil- 

liers  of  Paris  Ixisin,  p.  1 96. 
Mottled    and    plastic    cluys  and 

sands  of  the  Hampshire    and 

London  basins,  p.  203. 
Sables  inferieura  and  argiles  plas- 

tiques  of  Paris  basin,  p.  196. 
Nummulitic  formation  of  the  Alps, 

p.  205. 


Fossil  shells  of  the  Eo- 
cene period,  with  very 
few  exceptions,  ex* 
tinct.  Those  wliich 
are  identified  with 
living  specie j>,  rarely 
belong  to  neighbcMriog 
regions. 

All  the  mammalia  of  ex- 
tinct species,  and  the 
greater  part  of  them 
of  extinct  genera. 

Plants  of  Upper  Eocene, 
indicating  a  south  Eu- 
ropean or  Mediterra- 
nean climate ;  those 
of  Lower  Eocene,  a 
tropical  clinuite. 


J 
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IIL    SECONDARY. 

E.    CRETACEOUS. 
§  Upper  Chetaceous. 


Piilodi  andCkoapa 


9.   Ifaettricbt  beds. 


10.    UDDcr    White 


'•  ''ga, 


11.    Lower    White 
Chalk. 


12.    Upper  Green- 
aund. 


ExamplM. 

fTellowiflh  white  limestone  of 
Maestricht,  p.  209. 
Coralline  limestone  of  Faxoe, 
Denmark,  p.  210. 

White  chalk  with  flinto 
North  and  South  Downs,- 
Surrey  and  Sussex,  p. 


ObserratioiM. 


■ 

\   of) 

211.) 
and 


Ammonite,  Baculite,  and  Be- 
Icmnite,  associated  with 
CyprsBa,  Oliva,  Mitra,  Tro- 
chus,  Ac  Large  marine 
saurians. 

Marine  limestone  formed  in 
part  of  decomposed  corals. 


18.  Gault. 


Chalk    without    flints, 

chalk  marl,  ibid. 
^Loo»e  sand,  with  bright  green 

particles,  ibid. 
J  Firestone  of  Mcrstham,  Kent, 
I      p.  218. 

Marly  stone,  with  layers  of 
[     diert,  soutli  of  Isle  of  Wight  ^ 

C  Dark  blue  marl  at  base  of 
•j  chalk  escarpment — Kent 
(     and  Sussex,  p.  218. 


Numerous  extinct  genera  of 
conchiferous  cephalopoda. 
Hamite,  Scaphite,  Ammo- 
nite, <bc. 


§§  Lower  Cretaceous. 


14.    Lower  Orcen- 
sand. 


Species  of  shells,  dm.,  nearly 
all  distinct  from  tJiose  of 
Upper  Cretaceous;  most 
of  the  genera  the  same. 


16.  Weald  Chiy. 


'Sand  with  green  matter, — 
Weald  of  Kent  and  Sussex, 
p.  219. 
White,  yellowish,  and  ferru- 
ginous sand,  with  concre- 
tions of  limestone  and  chert, 
— Atherfield,  Isle  of  Wight 

^  Limestone  called  KentishKag.^ 

F.  WEALDEN. 

(  Clay  with  occasional  bands  of  (  Of  freshwater  origia  Shells 
i  limestone, — Weald  of  Kent,  •<  of  pulmooifcrous  moUusca, 
(     Surrey,  and  Sussex,  p.  227.  I     and  ofCypris.  Land  reptiles. 

I  Freshwater  with  intercalated 
bed  of  brackish  and  salt 
water  origin.  Shells  of  fluyi- 
atile  and  lacustrine  genera. 
Reptiles  of  the  genera  Pte- 
rodactyle,  Iguimodon,  Me- 
galosaurus,  Plesiosaorus, 
.  Trionyx,  and  Emya. 
Chiefly  fr^water,  and  divi- 
sible  into  three  groups,  each 
containing  distinct  species 
of  freshwater  moUnsca,  and 
of  entomostraca.  Alterna- 
tions of  deposits  formed  in 
fresh,  brackish,  and  marine 
water,  and  of  ancient  soils 
formed  on  land  and  re- 
taining roots  of  trees.  Plants 
chiefly  cycads  and  conifers, 
p^28L 


C  Sand  with  caldferousgrit  and 
16.  Hastings  Sand.-!      clay,  —  Hastings,    Sussex,^ 

(     Cuckfield,  Kent,  p.  229. 


17.    Purbeck  Beds.  \  Limej^nes,  calcareous  sbtes^ 

(      and  marls,  p,  231. 
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Periods  and  Oroups. 


18.  Upper  Oolite. 


r 

^  b. 


Obieriattoaa. 


19.  Middle  OoUte. 


SO.  Lower  Oolite.     ■< 


21.  Liai. 


O.  OOLITE. 

Ezunplea. 

Portland   buildiDg    BtoDe, ' 
p.  259. 
Tortland  sand. 

c  Kimmeridge  claj,  Dorset- 
shire, p.  260. 

a.  Coral  Rag,  p.  260.  Cal- 
careous freestones,  oolitic, 
often  full  of  corals.  Ox- 
fordshire. 

6.  Oxford  day — Dark  blue 
clay,  —  Oxfordshire  aud 
midland  counties,  p.  262. 

a,  Combrash  and  furest  mar- 
ble, Wiltshire,  p.  263. 

b.  Great  oolite  and  Stones- 
field  slate, — Bath,  Brad- 
fordjStouesfield  near  Wood- 
stock, Oxfordshire,  p.  266. 

e.  Fuller^s  earth, — Clay  con- 
taining fuller's  earth  near 
Bath,  p.  272. 

d.  Inferior  oolite,  calcareous 
freestone,  and  yellow  sandst, 
— CotteswoldUillsJ)undry 
Hill,  near  Bristol,  p.  272. 

H.  LIAS. 

C  Argillaceous  limestone,  marl  (  Mollusca,  reptiles,  and  fish 
•|  and  clay, — Lyme  Regis,  <  of  genera  analogous  to  the 
(     Dorsetshire,  p.  273.  (     oohtic. 


Ammonites  and  Belemnites 
numerous. 

Large  saurians,  as  Pterodac- 
tyles,  Plesioeaurs,  Ichthyo- 
saurs. 

No  cetaceans  yet  known,  bat 
three  species  of  terrestrial 
mammalia,  p.  267,  268. 
Preponderance  of  ganoid 
fiah.  The  plants  chieflj 
cycada,  conifers,  and  ferns, 
with  a  few  palms. 


22.  Upper  Trias. 


28.    Middle    Trias 
or  Muschelkalk. 


24.  Lower  Triao. 


L  TRIAS. 

Eeuper  of  Germany,  or  ya-  ^ 
negated  marls — Red,  gray, 
green,  blue,  andwhite  mark  I 
and  sandsUHJes  with  gyp-  }• 
sum — Wirtemberg,    bone- 
bed  of  Axmouth,  Dorset, 
p.  289. 

Compact  grayish  limestone 
with  beds  of  Dolomite  and 
gypsum, — North  of  Ger- 
many, p.  287.  Wanting  in 
England. 
^Variegated  or  Bunter  sand-^ 
stone  of  Germans  —  Red 
and  white  spotted  sand- 
stone with  gypsum  and 
rock-salt,  p.  288. 

Part  of  New  Red  sandstone 
of  Cheshire  with  rock-salt, 
p.  294 


Batrachian  reptiles,  e.  p.  La- 
byrinthodon.  Rhy  ncosaurus, 
£c.  Ce^ialopoda:  Cerati- 
tes.  No  bclemnites.  Plants: 
Ferns,  Cycads,  Conifers 


With  Equisetitea  and  Cata- 
mite. 


Plants  different  for  the  most 
part  firom  those  of  the 
Upper  Triaa. 


IV.    PRIMARY. 

K.  PERMIAN. 


26.  Upper  Per- 
mian. 


^*^lSr«'ril!!l?h*l!t^^1  Onjanic  remainm  both  «>im.l 
TorUiire  and  Durhun, p.  i      »,j  ^getable.  more  tOiM 

IzechsteinofThurj^a,  Upper       ^P^^-*-'^^' 
t    partofPemuanbeds^RussuLj     •-/ i^**~* 
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Ptrlod*  and  Oroopa 


2(1.  Lower  Per- 
mian. 


EzunplML 

a.  Marl  slate  of  Durham  and^ 
Thuringia. 

6.  Lower  New  Red  sandBtoae 
of  north  of  England  and 
Kothliegendes  of  Qermany. 

a,  and  b.  Lower  part  of  Per- 
mian beds,  Russia,  p.  801. 


Obcerratlona 


Thecodont  saurians.  Hetero- 
cercal  fish  of  genus  Palaso- 
niacus,  Ac 


L,  CARBONIFEROUS. 


87.  Coal  mea- 
sures. 


28.  Mountain 
limestone. 


a.  Strata  of  sandstone  and 
shale,  with  beds  of  ooal, — 
S.  Wales  and  Northumber- 
land, p.  809. 

6.  Millstone  grit, — S.  Wales, 
Bristol  coal-field,  York- 
shire, p.  808. 

^Carboniferous  or  mountain 
limestone,  with  marine 
shells  and  corals. 

Mendip  Hills,  and  many  parts 
of  Ireland,  p.  840. 


Great  thickness  of  strata  of 
fluvio-marine  origin,  with 
beds  of  coal  of  vegetable 
origin,  based  on  soils  re- 
taining the  roots  of  trees. 

Oldest  of  known  reptiles  or Ar- 
che^fosaurus.  Sauroid  fish. 
^^  Brachiopoda  of  genus  Pro- 
ductus. 

Cephalopoda  of  genera  Cyrto- 
ceras,  Goniatite,  Orthooeras. 

Crustaceans  of  the  genus  Phil- 
lipsia. 

Crinoidians  abundant 


29.  Upper  Devo- 
nian. 


SO.  Lower  De- 


vonian. 


M.  DEVONIAN. 

a.  Yellow  sandstone  of  Dura 
Den,  Fife. 

b.  Red  sandstone  and  marl 
with  cornstone  of  Hereford- 
shire and  Forfarshire. 

Paving  and  roofing  stone,  For- 
far^iire. 

Upper  part  of  Devonian  beds 

of  South  Devon. 
^Gray  sandstone  with  Ichthyo- 
lites, — Caithness,  Cromar- 
ty, and  Orkney,  Lower  part 
of  Devonian  beds  of  South 
Devon,  and  green  chloritic 
slates  of  Cornwall,  lime- 
stone of  Gcrolstein,  Kifel. 


Tribe  of  fish  with  hard  cover- 
ing^ like  chelonians,  Pteric- 
thys,  Pamphractus,  Ac\ 
also  of  p^ncra  Cephalaspis, 
Holoptichius,  Ac 

No  reptiles  yet  known. 


Fish,  partlv  of  same  genera, 
but  of  distinct  species  from 
»     those  in  Upper  Devonian  ; 
also  Osteolepis,  Coccosteus, 
Glyptolepis,  Dipterus,  Ac 


gl.  Upper  Si- 
lurian. 


82.  liower  Si- 
lurian. 


1 


N.  SILURIAN. 

'a,  Tilestone  of  Brecon  and 
Caermarthen. 

b.  Limestone  and  shale,  Lud- 
low, Shropshire. 

c  Wenlock  or  Dudley  lime- 
stone. 

'a,  Oaradoc  sandstone,    Caer 

Caradoc,  Shropshire. 
b.  Llandeilo  flags,  calcareous 
flags  and  schists, — Builth, 
Radnorshire,       Llandeilo, 

^     Camrmarthenahire. 


Oldest  of  fossil  fish  yet  dis- 
covered. 

Trilobites    and    Graptolites 
abundant. 

Brachiopoda  very  numerous. 

Cephalopoda :     iBellerophon, 

Orthoceras. 
^Same  genera  of  invertebrate 
aniimds  as  in  Upper  SOu- 
rian,  but  species  chiefly 
distinct.  Tnnudeus  carao- 
taci,  Cystideffi,  p.  868. 

No  land  plants  yet  known. 

Footprints   of  tortoise, 
note,  p.  860. 
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CHAPTER  XXVm. 

VOLCANIC    ROCKS. 

Trap  rocks — Xame,  whence  derived — ^Their  igneous  origin  at  first  doabted — ^Thfeir 
general  apjiearance  and  character — Volcanic  cones  and  craters,  how  formed— 
Mineral  com|)o«iti(m  and  texture  of  volcanio  rocks—- Varieties  of  felspar^ 
Hornblende  and  augite — Isomorphism — Rocks»  how  to  be  studied — Basalt^ 
greenstone,  trachyte,  }>orphyry,  scoria,  amygdaloid,  lava,  tuff — Alphabetical 
list,  and  explanation  of  names  and  synonyms,  of  Yolcanic  rocks— Table  of  the 
analyses  of  minerals  most  abundant  in  the  YoIcanic  and  hypogene  roeka. 

The  aquei>us  or  fossiliforous  rocks  having  now  been  described,  we  hare 
next  to  examine  those  which  may  be  called  volcanic,  in  the  most  ex- 
tended sense  of  Uiat  term.     Suppose  a  a  in  the  annexed  diagram,  ta 

Fig.  484. 


a.  Il3rp<^ene  fiirraatlonas  stntifled  and  nnstratifled. 

b.  Aqueous  forroationa.  c  Volcanio  rocka. 

represent  the  crystalline  formations,  sucli  as  the  granitic  and  metamorphic; 
h  b  the  fossiliferous  strata  ;  and  c  c  the  volcanic  rocks.  These  last  are 
sometimes  found,  as  was  explainoti  in  the  first  chapter,  breaking  through 
a  and  6,  sometimes  overlying  l>oth,  and  occjtsionally  alternating  with  the 
strata  b  6.  They  also  are  seen,  in  some  instances,  to  pass  insensibly  into 
the  unstratified  division  of  «,  or  the  Plutonic  rocks. 

When  geologists  first  l>egan  to  examine  attentively  the  structure  of 
the  northern  and  western  parts  of  Europe,  they  were  almost  entirely 
ignorant  of  the  phenomena  of  existing  volc^moes.  They  also  found 
certain  rocks,  for  the  most  part  without  stratification,  and  of  a  i>eculiar 
mineral  composition,  to  wliieh  tlioy  gave  dif^'erent  namt^,  such  iis  basalt, 
greenstone,  porj)hyry,  and  amygdaloid.  All  these,  which  wen?  recog- 
nized as  Wlonging  to  one  family,  were  cii\k\\  "trap"  by  Tk^rginann, 
from  trapjm^  Swe<lish  for  a  flight  of  steps — a  name  since  adopted  very 
generally  into  the  nomenclature  of  the  science;  for  it  was  observed 
tliat  many  rocks  of  this  class  occurred  in  great  tabular  masses  of 
unequal  extent,  so  as  to  form  a  succession  of  ternvoes  or  stejw  on 
the  sides  of  hills.  This  configuration  aj>pears  to  be  derived  from 
two  causes.  First,  the  abruj>t  original  terminations  of  sheets  of  melted 
matter,  which  have  spread,  whether  on  the  land  or  bottom  of  the 
sea,  over  a  level  surface.  For  we  know,  in  the  case  of  lava  flowing 
from  a  volcano,  that  a  stream,  when  it  has  ceased  to  flow,  and  grown 
solid,  very  commonly  ends  in  a  steep  slope,  as  at  a,  fig,  435.  But 
secondly,  the   stejvlike  appearance  arises   more   frequently  from  the 
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'*«•  ^^  mode  in  which  horizontal  masses  of  igneous 

rock,   such   as   6   c,   intercalated   between 
"-  '»i,'"«»ij^  aqueous  strata,  have,  subsequently  to  their 

^^^^^^^^^  origin,  been  exposed,  at  different  heights, 

by  denudation.     Such  an  outline,  it  is  true, 

is  not  peculiar  to  trap  rocks ;  great  beds  of 

„     „^  ,  limestone,  and  other  hard  kinds  of  stone, 

Step-like  appearanoe  of  trap.  ....  ,  . 

often  presentmg  similar  terraces  and  preci- 
pices :  but  these  are  usually  on  a  smaller  scale,  or  less  numerous,  than 
the  volcanic  stepsy  or  form  less  decided  features  in  the  landscape,  as  be- 
ing less  distinct  in  structure  and  composition  from  the  associated  rocks. 

Although  the  characters  of  trap  rocks  are  greatly  diversified,  the 
beginner  will  easily  learn  to  distinguish  them  as  a  class  from  the 
aqueous  formations.  Sometimes  they  present  themselves,  as  already 
stated,  in  tabular  masses,  which  are  not  divided  into  strata :  sometimes 
in  shapeless  lumps  and  irregular  cones,  forming  chains  of  small  hills. 
Often  they  are  seen  in  dikes  and  wall-like  masses,  intersecting  fossilifer- 
ous  beds.  The  rock  is  occasionally  found  divided  into  columns,  often 
decomposing  into  balls  of  various  sizes,  from  a  few  inches  to  several  feet 
in  diameter.  The  decomposing  surface  very  commonly  assumes  a  coat- 
ing of  a  rusty  iron  color,  from  the  oxidation  of  ferruginous  matter,  so 
abundant  in  the  traps  in  which  augite  or  hornblende  occur ;  or,  in  the 
felspathic  varieties  of  trap,  it  acquires  a  white  opake  coating,  from  the 
bleaching  of  the  mineral  called  felspar.  On  examining  any  of  these 
volcanic  rocks,  where  they  have  not  suffered  disintegration,  we  rarely  fail 
to  detect  a  crystalline  arrangement  in  one  or  more  of  the  component 
minerals.  Sometimes  the  texture  of  the  mass  is  cellular  or  porous,  or  we 
perceive  that  it  has  once  been  full  of  pores  and  cells,  which  have  after- 
wards become  filled  with  carbonate  of  lime,  or  other  infiltrated  mineral. 

Most  of  the  volcanic  rocks  produce  a  fertile  soil  by  their  disintegra- 
tion. It  seems  that  their  coinj)onent  ingredients,  silica,  alumina,  lime, 
pota.sh,  iron,  and  the  rest,  are  in  proportions  well  fitted  for  vegetation. 
As  they  do  not  effervesce  with  acids,  a  deficiency  of  c^ilciireous  matter 
might  at  first  be  suspected  ;  but  although  the  carbonate  of  lime  is  rare, 
except  in  the  nodules  of  amygdaloids,  yet  it  will  be  seen  that  lime  some- 
times enters  largely  into  the  composition  of  augite  and  hornblende. 
(See  Table,  p.  377.) 

Cones  and  Craters, — In  regions  where  the  eniption  of  volcanic  matter 
has  taken  place  in  the  open  air,  and  where  the  surface  hixs  never  since 
been  subjected  to  great  aqueous  denudation,  cones  and  craters  constitute 
the  most  striking  peculiarity  of  this  class  of  formations.  Many  hundreds 
of  these  cones  are  seen  in  central  France,  in  the  ancient  provinces  of 
Auvergne,  Velay,  and  Vivarais,  where  they  observe,  for  the  most  part, 
a  linear  arrangement,  and  form  chains  of  hills.  Although  none  of  the 
eruptions  have  happened  within  the  historical  era,  the  streams  of  lava 
may  still  be  traced  distinctly  descending  from  many  of  the  craters,  and 
following  the  lowest  levels  of  the  existing  valleys.     The  origin  of  the 
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Fig.  486. 


Part  of  the  chain  of  extinct  volcanoM  caU«d  the  Moots  Dome,  Aarersne.    (Bcrope.) 

cone  and  crater-shai>ed  hill  is  well  understood,  the  growth  of  many 
having  been  watched  during  volcanic  eruptions.  A  chasm  or  fiasure 
first  opens  in  the  earth,  from  which  great  volumes  of  steam  and  other 
gases  are  evolved.  The  explosions  are  so  violent  as  to  hurl  up  into  the 
air  fragments  of  broken  stone,  parts  of  which  are  shivered  into  minute 
atoms.  At  the  same  time  melt^  stone  or  lava  usually  ascends  through 
the  chimney  or  vent  by  which  the  gases  make  their  escape.  Although 
extremely  heavy,  this  lava  is  forced  up  by  the  expansive  power  of  en- 
tangled gjiseous  fluids,  chiefly  steam  or  aqueous  vapor,  exactly  in  the 
same  manner  as  water  is  made  to  boil  over  the  edge  of  a  vessel  when 
steam  has  been  generated  at  the  bottom  by  heat  Large  quantities  oi 
the  lava  are  also  shot  up  into  the  air,  where  it  separates  into  fragments, 
and  acquires  a  spongy  texture  by  the  sudden  enlargement  of  the  induded 
gases,  and  thus  forms  scotiai,  other  portions  being  reduced  to  an  impal- 
pable powder  or  dust.  The  showering  down  of  the  various  ejected  ma- 
terials round  the  orifice  of  eruption  gives  rise  to  a  conical  mound,  in 
which  the  successive  envelopes  of  sand  and  scorije  form  layers,  dipping 
on  all  sides  from  a  central  axis.  In  the  mean  time  a  hollow,  called  a 
crater,  has  been  kept  open  in  the  middle  of  the  mound  by  the  continued 
passage  upwards  of  steam  and  other  gaseous  fluids.  The  lava  sometimes 
flows  over  the  edge  of  the  crater,  and  thus  thickens  and  strengthens  the 
sides  of  the  cone ;  but  sometimes  it  breaks  it  down  on  one  side,  and 
often  it  flows  out  from  a  fissure  at  the  base  of  the  hill  (see  fig.  436).* 

Composition  ami  nomenclature, — Before  speaking  of  the  connection 
between  the  pnxlucts  of  modem  volcanoes  and  the  rocks  usually  styled 
trappean,  and  before  describing  the  external  forms  of  both,  and  the 
manner  and  position  in  which  they  occur  in  the  earth's  crust,  it  will  be 
desirable  to  troat  of  their  mineral  composition  and  names.  The  varieties 
most  frequently  spoken  of  are  basalt,  greenstone,  clinkstone,  claystone, 
and  trachyte ;  while  those  founded  chiefly  on  peculiarities  of  texture,  arc 
porphyry,  amygdaloid,  lava,  tuflf,  scoriae,  and  pumice.  It  may  be  stated 
generally,  that  all  these  are  mainly  composed  of  two  minerals,  or  families 
of  simple  minerals,  felspar  and  hornblende;  some  almost  entirely  of 
hornblende,  others  of  felspar. 

These  two  minerals  may  be  regarded  as  two  groups,  rather  than 

*  For  a  description  and  theory  of  active  volcanoes,  see  Principles  of  Geolqgj 
chape.  zsT.  to  zzvil 
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species.  Felspar,  for  example,  may  be,  first,  common  felspar,  that  is  to 
say,  potash-felspar,  in  which  the  alkali  is  potash  (see  table,  p.  377.) ;  or, 
secondly,  albite,  that  is  to  say,  soda-felspar,  where  the  alkali  is  soda  in- 
stead of  potash ;  or,  thirdly,  Labrador-felspar  (Labradorite),  which  differs 
not  only  in  its  iridescent  hues,  but  also  in  its  augle  of  fracture  or  cleav- 
age, and  its  composition.  We  also  read  much  of  two  other  kinds,  called 
glassy  felspar  and  compact  felspar,  which,  however,  cannot  rank  as  varie- 
ties of  eqnal  importance,  for  both  the  albitio  and  common  felspar  appear 
sometimes  in  transparent  or  glassy  crystals ;  and  as  to  compact  felspar,  it 
is  ft  compound  of  a  less  definite  nature,  sometimes  containing  both  soda 
and  potash ;  and  which  might  be  called  a  felspathic  paste,  being  the  re- 
siduary matter  after  portions  of  the  original  matrix  have  crystallized. 

The  other  group,  or  hornblende^  consists  principally  of  two  varieties ; 
first,  hornblende,  and,  secondly,  augite,  which  were  once  regarded  as 
very  distinct,  although  now  some  eminent  mineralogists  are  in  doubt 
whether  they  arc  not  one  and  the  same  mineral,  differing  only  as  one 
crystalline  form  of  native  sulphur  differs  from  another. 

The  history  of  the  changes  of  opinion  on  this  point  is  curious  and 
instructive.  Werner  first  distinguished  augite  from  hornblende;  and 
his  proposal  to  separate  them  obtained  afterwards  the  sanction  of  Hatiy, 
Mohs,  and  other  celebrated  mineralogists.  It  was  agreed  that  the  form 
of  the  crystals  of  the  two  species  were  different,  and  their  structure,  as 
shown  by  cleavage^  that  is  to  say,  by  breaking  or  cleaving  the  mineral 
with  a  chisel,  or  a  blow  of  the  hammer,  in  the  direction  in  which  it  yields 
most  readily.  It  was  also  found  by  analysis  that  augite  usually  contained 
more  lime,  less  alumina,  and  no  fluoric  acid ;  which  last,  though  not  al- 
ways found  in  hornblende,  often  enters  into  its  composition  in  minute 
quantity.  In  addition  to  these  characters,  it  was  remarked  as  a  geolo- 
gical £Ebct,  that  augite  and  hornblende  are  very  rarely  associated  together 
in  the  same  rock ;  and  that  when  this  happened,  as  in  some  lavas  of 
modem  date,  the  hornblende  occurs  in  the  mass  of  the  rock,  where 
crystallization  may  have  taken  place  more  slowly,  while  the  augite  merely 
lines  cavities  where  the  crystals  may  have  been  produced  rapidly.  It 
was  also  remarked,  that  in  the  crystalline  slags  of  furnaces,  augitic 
forms  were  frequent,  the  homblendic  entirely  absent;  hence  it  was  con- 
jectured that  hornblende  might  be  the  result  of  slow,  and  augite  of 
rapid  cooling.  This  view  was  confirmed  by  the  fact,  that  Mitscherlich 
and  Berthier  were  able  to  make  augite  artificially,  but  could  never  suc- 
ceed in  forming  hornblende.  Lastly,  Gustavus  Rose  fused  a  mass  of 
hornblende  in  a  porcelain  furnace,  and  found  that  it  did  not,  on  cooling, 
assume  its  previous  shape,  but  invariably  took  that  of  augite.  The 
same  mineralogist  observed  certain  crystals  in  rocks  from  Siberia  which 
presented  a  hornblende  cleavage,  while  they  had  the  external  form  of 
augite. 

If,  from  these  data,  it  is  inferred  that  the  same  substance  may  as- 
sume the  crystalline  forms  of  hornblende  or  augite  indifferently,  accord-- 
iag  to  the  more  or  less  rapid  cooling  of  the  melted  masS;  it  is  neverthe- 

24 
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less  certain  that  the  variety  commonly  caUed  angite,  and  recognised  by 
a  peculiar  c'r}'stallinc  form,  has  usually  more  lime  m  it,  and  less  alumina, 
than  that  called  hornblende,  although  the  quantities  of  these  elements 
do  not  seem  to  be  always  the  same.  Unquestionably  the  fiicts  and  ex- 
periments above  mentioned  show  the  very  near  affinity  of  hornblende 
and  augitc ;  but  even  the  convertibility  of  one  into  the  other  by  melt- 
ing and  rccrystallizing,  does  not  perhaps  demonstrate  their  abeolate 
identity.  For  there  is  often  some  portion  of  the  materials  in  a  crystal 
which  arc  not  in  perfect  chemical  combination  with  the  rest.  Car* 
bouate  of  lime,  for  example,  sometimes  carries  with  it  a  considerabk 
quantity  of  silcx  into  its  own  form  of  crystal,  the  silex  being  mechani- 
cally  mixed  as  sand,  and  yet  not  preventing  the  carbonate  of  lime  from 
assuming  the  form  proper  to  it.  This  is  an  extreme  case,  but  in  many 
others  some  one  or  more  of  the  ingredients  in  a  crystal  may  be  excluded 
from  perfect  chemical  union ;  and,  after  fusion,  when  the  mass  recrys- 
tallizcs,  the  same  elements  may  combine  perfectly  or  in  new  propor- 
tions,  and  tluis  a  new  mineral  may  be  produced.  Or  some  one  of  the 
gaseous  elements  of  the  atmosphere,  the  oxygen  for  example,  may,  when 
the  melted  matter  rcconsolidates,  combine  with  some  one  of  the  compo- 
nent elements. 

The  different  quantity  of  the  impurities  or  refuse  above  alluded  to, 
which  may  occur  in  all  but  the  most  transparent  and  perfect  cryBtals, 
may  partly  explain  the  discordant  results  at  which  experienced  chemists 
have  arrived  in  their  analysis  of  the  same  mineral.  For  the  reader  will 
find  that  a  mineral  dctcnnined  to  be  the  same  by  its  physical  characters, 
crystalline  form,  and  optical  properties,  has  often  been  declared  by  skil- 
ful analyzers  to  be  composed  of  distinct  elements.  (See  the  tMe  at 
p.  877. )  This  disagreement  seemed  at  first  subversive  of  the  atomic 
theory,  or  the  doctrine  that  there  is  a  fixed  and  constant  relation 
between  the  crystalline  form  and  structure  of  a  mineral,  and  its  chemi- 
cal composition.  The  apparent  anomaly,  however,  which  threatened  to 
throw  the  whole  science  of  mineralogy  into  confusion,  was  in  a  great 
•degree  reconciled  to  fixed  principles  by  the  discoveries  of  Professor 
Mitscherlich  at  Berlin,  who  ascertained  that  the  composition  of  the 
minerals  which  had  appeared  so  variable,  was  governed  by  a  general  law, 
to  which  he  gave  the  name  of  isomorphism  (from  wrof,  utosy  equal,  and 
'ttop^,  morphe,  form).  According  to  this  law,  the  ingredients  of  a  given 
species  of  mineral  are  not  absolutely  fixed  as  to  their  kind  and  quality; 
but  one  ingredient  may  be  replaced  by  an  equivalent  portion  of  some 
analogous  ingredient.  Thus,  in  augitc,  the  lime  may  be  in  part  re- 
placed by  portions  of  protoxide  of  iron,  or  of  manganese,  while  the 
form  of  the  crystal,  and  the  angle  of  its  cleavage  planes,  remain  the 
same.  These  vicarious  substitutions,  however,  of  particular  elements 
•  cannot  exceed  certain  defined  limits. 

Having  been  led  into  this  digi  Dssion  on  the  recent  progress  of  mine- 
ralogy, I  may  here  observe  that  the  geological  student  must  endeavour 
as  soon  as  possible  to  familiarize  himself  with  the  characters  of  five  al 
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least  of  the  most  abundant  simple  minerals  of  which  rocks  are  com- 
posed. These  are,  felspar,  quartz,  mica,  hornblende,  and  carbonate  of 
lime.  This  knowledge  cannot  be  acquired  from  books,  but  requires 
personal  inspection,  and  the  aid  of  a  teacher.  It  is  well  to  accustom 
the  eye  to  know  the  appcaraDce  of  rocks  under  the  lens.  To  learn  to 
distinguish  felspar  from  quartz  is  the  most  important  step  to  be  first 
aimed  at.  In  general  wc  may  know  the  felspar  because  it  can  be 
scratched  with  the  point  of  a  knife,  whereas  the  quartz,  from  its  extreme 
hardness,  receives  no  impression.  But  when  these  two  minerals  occur 
in  a  granular  and  uncrystallized  state,  the  young  geologist  must  not  be 
discouraged  if,  after  considerable  practice,  he  often  fails  to  distinguish 
them  by  the  eye  alone.  If  the  felspar  is  in  crystals,  it  is  easily  rccog- 
iiiied  by  its  cleavage :  but  when  in  grains  the  blow-pipe  must  be  used, 
for  the  edges  of  the  grains  can  be  rounded  in  the  flame,  whereas  those 
of  quartz  are  infusible.  If  the  geologist  is  desirous  of  distinguishing 
the  three  varieties  of  felspar  above  enumerated,  or  hornblende  from 
augite,  it  will  often  be  necessary  to  use  the  reflecting  goniometer  as  a  test 
of  the  angle  of  cleavage,  and  shape  of  the  crystal.  The  use  of  this  in- 
simment  will  not  be  found  difficult. 

The  external  characters  and  composition  of  the  felspars  are  extremely 
different  from  those  of  augite  or  hornblende ;  so  that  the  volcanic  rocks 
in  which  either  of  these  minerals  decidedly  predominates,  are  easily  re- 
cognised. But  there  are  mixtures  of  the  two  elements  in  every  possible 
proportion,  the  mass  being  sometimes  exclusively  composed  of  felspar, 
at  other  times  solely  of  augite,  or,  again,  of  both  in  equal  quantities. 
Occasionally,  the  two  extremes,  and  all  the  intermediate  gradations,  may 
be  detected  in  one  continuous  mass.  Nevertheless  there  are  certain  va- 
rieties or  compounds  which  prevail  so  largely  in  nature,  and  preserve  so 
much  uniformity  of  aspect  and  composition,  that  it  is  useful  in  geology 
to  regard  them  as  distinct  rocks,  and  to  assign  names  to  them,  such  as 
basalt,  greenstone,  trachyte,  and  others,  already  mentioned. 

Basalt. — As  an  example  of  rocks  in  which  augite  greatly  prevails, 
basalt  may  first  be  mentioned.  Although  we  arc  more  familiar  with 
this  term  than  with  that  of  any  other  kind  of  trap,  it  is  difficult  to 
define  it,  the  name  having  been  used  so  vaguely.  It  has  been  very 
generally  applied  to  any  trap  rock  of  a  black,  bluish,  or  leaden-grey 
colour,  having  a  uniform  and  compact  texture.  Most  strictly,  it  con- 
sists of  an  intimate  mixture  of  augite,  felspar,  and  iron,  to  which  a  min- 
eral of  an  olive  green  colour,  called  olivine,  is  often  superadded,  in 
distinct  grains  or  nodular  masses.  The  iron  is  usually  magnetic,  and 
is  often  accompanied  by  another  metal,  titanium.  Augite  is  the  pro- 
dominant  mineral,  the  felspar  being  in  much  smaller  proportions.  There 
is  no  doubt  that  many  of  the  fine-grained  and  dark-coloured  trap  rocks, 
called  basalt,  contained  hornblende  in  the  place  of  augite ;  but  this  will 
be  deemed  of  small  importance  after  the  remarks  above  made.  Other 
minerals  are  occasionally  found  in  basalt ;  and  this  rock  may  pass  in- 
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BCDijibl;  ioto  HltDoat  ever;  vuict;  of  tnp,  eBpeciftll;  into  greenstone, 
clinkstoae,  and  wackf,  which  will  be  preaentljr  described. 

GrerHtlone,  or  IhieriU,  is  tmully  defined  u  »  gnnnlAr  rock,  the  con- 
Btituunt  parts  of  which  are  hornblende  and  imperfectly  crTBtalUaed  fel- 
spar; the  f^liiipar  being  more  abundant  than  in  basalt;  and  the  gruns 
or  crystals  of  the  two  minerals  more  distinct  from  e»oh  other.  This 
name  may  also  be  citeniled  to  (hoae  rocks  in  which  aogite  is  substituted 
for  hornblende  (the  doIorit«  of  some  authors),  or  to  those  in  wkicb  albite 
replaces  common  felspar,  forming  the  rock  sometJmea  called  Aadente. 

Sytnitic yrrenilimf. —  The  highly  crystalline  componuda  of  tk*  same 
two  minerals,  fi^Upar  and  hornblende,  having  ■  granitifonn  taxtm^  and 
with  occasionally  some  qoarti  accompanying,  may  be  oaUad  Q^tBtic 
greenstone,  a  rock  which  frequently  passes  into  oidinaij  to^^  ■■!  as 
frccjucully  into  granite. 

Tmchffle. — A  porphyritic  rock  of  a  whitiab  or  greyish  tahmTf  em- 
posed  principally  of  glassy  felspar,  with  crystals  of  the  mma,  generaUy 
with  iKime  hornblende  and  some  titaniferous  iron.  In  compoutia&  it  is 
extremely  different  from  basalt,  this  being  a  felspatbic,  as  the  other  ii 
an  augilic,  rock.  It  has  a  peculiar  rough  feel,  wbenoe  the  name  *rwt, 
trackiu,  rough.  Some  Tarieties  of  trachyte  contra  crystals  of  qnarts. 
Ihrjiiiyry  is  merely  a  certain  form  of  rock,  very  charmcteristic  of 
««-  •31.  the  volcanic  forma^ons.     When  diatinat 

crystals  of  one  or  more  minerals  are  scat 
tcred  through  an  earthy  or  compact  bue, 
the  rock  is  termed  a  porphyry  (see  fig. 
437).  Thus  trachyte  is  porphyritic;  for 
in  it,  as  in  many  modem  lavas,  there  are 
crystals  of  felspar;  bnt  in  some  por|^y- 
rics  the  crystals  are  of  augite,  olivine,  or 
other  minerals.  If  the  base  be  green- 
stone, basalt,  or  pitchstone,  the  rook  may  be 
denominated  greenstone-porphyry,  pitch- 
.^rpujr,.  ^       slone-porphyry,  and  so  forth. 

iiiM  bf  LonibiiiDUi]  ud  iciipu.  Amyfftla/uiil. — This  is  also  another  form 

of  igneous  rock,  admitting  of  every  variety  of  composition.  It  compre- 
hends any  rock  in  which  round  or  almond-shaped  nodules  of  some  mine- 
ral, such  as  agate,  calcodony,  calcareous  spar,  or  teolite,  are  scattend 
through  a  base  of  wai'k<>,  basalt,  grceni^tone,  or  other  kind  of  trsp.  It 
derives  itM  name  from  the  Greek  word  amygdala,  an  almond.  The 
origin  of  this  Htructure  cannot  be  doubted,  fur  we  may  trace  the  process 
of  its  formation  in  niodorn  lavas.  Small  pores  or  cells  are  caused  by 
bubbles  of  steam  and  gas  confined  in  the  melted  matter.  After  or  dur- 
ing consolidation,  these  empty  spaces  are  gradually  filled  up  by  matter 
separating  from  the  mass,  or  infilterod  by  water  permeating  the  rock. 
As  these  bubbles  have  been  sometimes  lengthened  by  the  flow  of  the 
lava  before  it  finally  cooled,  the  contents  of  such  cavities  have  the  fenn 
of  almonds.     In  some  of  the  amygdaloidal  traps  of  Scotland,  when 
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the  nodnlea  have  decomposed,  the  empty  cells  are  seen  to  h&ve  a  glazed 
or  Titreons  contiug,  and  in  this  respect  exactly  resemble  scorioceouB  lavas, 
or  the  slags  of  furnaces. 

rtg.  138.  The  annexed  figure   representa    * 

fragment  of  Btoae  taken  from  the  up- 
per part  of  a  sheet  of  basaltic  lava  in 
Auvergnc.  One  half  is  scoriaceous, 
the  pores  being  perfectly  empty ;  the 
other  part  is  amygdaloidal,  the  pores 
or  cells  being  mostly  filled  up  with 
carbonalc  of  lime,  forming  white  ker- 

&o"'as  and  Pumice  may  next  be 
mentioned  as  porous  rocks,  produced 
by  the  action  of  gases  on   m&teriala 
melted  by  volcanic  heat.     Scoinse  are 
"  usually  of  a  reddish-broirn  and  black 
a,  Dcpsrimcot  nt  t>u7  colouF,  aod  Hrc  the  cindcTs  and  slaga 
« iBine.  Frmnce.  ^f  basaltlc  OF  augitjc  lavss.     I\mic£ 

ia  a  light,  spongy,  fibrous  substance,  produced  by  the  action  of  gases  on 
tracby tic  and  other  lavas ;  the  relation,  however,  of  its  origin  to  the  com- 
position of  lava  is  not  yet  well  understood.  Von  Buch  says  that  it 
never  occurs  where  only  Labrador-felspar  is  present. 

Lava. — This  term  has  a  somewhat  vague  signification,  having  been 
applied  to  all  melted  matter  observed  to  Sow  ia  streams  from  Tolcaaic 
vents.  When  this  matter  consolidates  in  the  open  air,  the  upper  part 
la  usually  scoriaceous,  and  the  mass  becomes  more  and  more  stony  aa 
we  descend,  or  jo  proportion  as  it  has  consolidated  more  slowly  and  under 
greater  pressure.  At  tbe  bottom,  however,  of  a  stream  of  lava,  a  small 
portion  of  scoriaceous  rock  very  frequently  occurs,  formed  by  the  first 
thin  sheet  of  liquid  matter,  which  often  precedes  the  main  current,  or 
in  consequence  of  the  contact  with  water  in  or  upon  tbe  damp  soil. 

The  more  compact  lavas  arc  often  porphyritic,  but  even  tbe  scoriaceous 
part  BometJmes  contains  imperfect  crystals,  which  have  bean  derived  from 
some  older  rocks,  in  which  tbe  crystals  pre-existed,  but  were  not  melted, 
ts  being  more  infusible  in  their  nature. 

Although  melted  matter  rising  in  a  crater,  and  even  that  which  enters 
rente  on  the  side  of  a  crater,  is  called  lava,  yet  this  term  belongs  more 
properly  to  that  which  has  flowed  either  in  the  open  air  or  on  the  bed 
of  a  lake  or  sea.  If  the  same  fluid  has  not  reached  the  surface,  but  has 
been  merely  injected  into  fissures  below  ground,  it  is  called  trap. 

There  ia  every  variety  of  composition  in  lavaa;  some  are  trachytic,  as 
in  the  Peak  of  Teneriffe ;  a  great  number  arc  basaltic,  as  in  Vesuvius 
and  Auvergne)  others  are  Andesitic,  as  those  of  Chili;  some  of  the 
most  modem  in  Vesuvins  consist  of  green  augite,  and  many  of  those  of 
Etna  of  augite  and  Labrador-felspar.* 

"  a.  RoBB^  Ann.  dea  Hinei,  torn.  liU.  p.  82. 
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Trap  tuff  J  volcanic  tuff.  —  Small  angular  fragments  of  the  BCori» 
and  pumice,  above  mentioned,  and  the  dust  of  the  same,  produced  bj 
volcanic  explosions,  form  the  tuffs  which  abound  in  all  regions  of  active 
volcanos,  where  showers  of  these  materials,  together  with  small  pieces 
of  other  rocks  ejected  from  the  crater,  fall  down  upon  the  land  or  into 
the  sea.  Here  they  often  become  mingled  with  shells,  and  are  strati- 
fied. Such  tuffs  are  sometimes  bound  together  by  a  calcareous  cement, 
and  form  a  stone  susceptible  of  a  beautiful  polish.  But  even  when  little 
or  no  lime  is  present,  there  is  a  great  tendency  in  the  materials  of  ordi- 
nary tuffs  to  cohere  together. 

Besides  the  peculiarity  of  their  composition,  some  tuflfe,  or  volcanic 
grits,  as  they  have  been  termed,  differ  from  ordinary  sandstones  by  the 
angularity  of  their  grains.  When  the  fragments  are  coarse^  the  rock 
is  styled  a  volcanic  breccia,  Tu/aceous  conglomerates  result  from  the 
intermixture  of  rolled  fragments  or  pebbles  of  volcanic  and  other  rocks 
with  tuff. 

According  to  Mr.  Scrope,  the  Italian  geologists  confine  the  term  tuff, 
or  tufa,  to  fclspathose  mixtures,  and  those  composed  principally  of 
pumice,  using  the  term  peperino  for  the  basaltic  tuffs.*  The  peperinos 
thus  distinguished  are  usually  brown,  and  the  tuffs  grey  or  white. 

We  meet  occasionally  with  extremely  compact  beds  of  volcanic  mate- 
rials, intcrstratified  with  fossiliferous  rocks.  These  may  sometimes  be 
tuffs,  although  their  density  or  compactness  is  such  as  to  cause  them  to 
resemble  many  of  those  kinds  of  trap  which  are  found  in  ordinary  dikes. 
The  chocolate-coloured  mud,  which  was  poured  for  weeks  out  of  the 
crater  of  Graham's  Island,  in  the  Mediterranean,  in  1831,  must,  when 
unmixed  with  other  materials,  have  constituted  a  stone  heavier  than 
granite.  Each  cubic  inch  of  the  impalpable  powder  which  has  fiiUen 
for  days  through  the  atmosphere,  during  some  modern  eruptions,  has 
been  found  to  weigh,  without  being  compressed,  as  much  as  ordinary 
trap  rocks,  and  to  be  often  identical  with  these  in  mineral  composition. 

The  fusibility  of  the  igneous  rocks  generally  exceeds  that  of  other 
rocks,  for  there  is  much  alkaline  matter  and  lime  in  their  composition, 
which  serves  as  a  flux  to  the  large  quantity  of  silica,  which  would  be 
otherwise  so  refractory  an  ingredient. 

It  is  remarkable  that,  notwithstanding  the  abundance  of  this  silica, 
quartz,  that  is,  crystalline  silica,  is  usually  wanting  in  the  volcanic  rocks, 
or  is  present  only  as  an  occasional  mineral,  like  mica.  The  elements 
of  mica,  as  of  quartz,  occur  in  lava  and  trap;  but  the  circumstances 
under  which  these  rocks  are  formed  are  evidently  unfavourable  to  the 
development  of  mica  and  quartz,  minerals  so  characteristic  of  the  hypo- 
gene  formations. 

It  would  be  tedious  to  enumerate  all  the  varieties  of  trap  and  lava 
which  have  been  regarded  by  different  observers  as  sufficiently  abundant 
to  deserve  distinct  names,  especially  as  each  investigator  is  too  apt  to 

•  GeoL  Trans.  voL  IL  p.  211,  2d  aeries. 
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exaggerate  the  importance  of  local  varieties  which  happen  to  prevail  in 
districts  best  known  to  him.  It  will  be  useful,  however^  to  subjoin 
here,  in  the  form  of  a  glossary,  an  alphabetical  list  of  the  names  and 
synonyms  most  commonly  in  use,  with  brief  explanations,  to  which  I 
have  added  a  table  of  the  analysis  of  the  simple  minerals  most  abundant 
in  the  volcanic  and  hypogcnc  rocks. 

Explanation  of  the  names,  synanymi,  and  mineral  composition  of  the 

more  abundant  volcanic  rocks. 

AxPBiBOLiTR.  See  Hornblende  rock ;  amphibole  being  Ilauy's  name  for  horn- 
blende. 

Amtodaloid.     a  particular  form  of  volcanic  rock ;  see  p.  372. 

AuoiTB  ROCK.  A  kind  of  basalt  or  greenstone,  composed  yrholly  or  principally 
of  granular  augite.     {Leonhard's  Mineralreichy  2d  edition,  p.  85.) 

AuGiTiG-PORPHYRT.  Crystals  of  Labrador- felspar  and  of  augite,  in  a  green  or 
dark  grey  base.     {Rote  Ann.  des  Minesy  torn.  8,  p.  22,  1835). 

Basalt.  Chiefly  augite — an  intimate  mixture  of  augite  and  felspar  with  mag- 
netic iron,  olivine,  &c.  See  p.  371.  The  yellowish  green  mineral  called 
olivine,  can  easily  be  distinguished  from  yellowish  felspar  by  its  infusibi- 
lity,  and  having  no  cleavage.  The  edges  turn  brown  in  the  flame  of  the 
blow-pipe. 

Babakitr.  Name  given  by  Alex.  Brongniart  to  a  rock,  having  a  base  of  basalt, 
with  more  or  less  distinct  crystals  of  augite  disseminated  through  it. 

Clatstohb  and  Claystone-porphtry.  An  earthy  and  compact  stone,  usually 
of  a  purplish  colour,  like  an  indurated  clay ;  passes  into  hornstone ;  gene- 
rally contains  scattered  crystals  of  felspar  and  sometimes  of  quartz. 

Clisblstone.  Syn.  Phonolite,  fissile  Petrosilex ;  a  greenish  or  greyish  rock, 
having  a  tendency  to  divide  into  slabs  and  columns;  hard,  with  clean 
fracture,  ringing  under  the  hammer ;  principally  composed  of  compact 
felspar,  and,  according  to  Gmelin,  of  felspar  and  mesotype.  {Leonhard's 
Mineralreichy  p.  102.)  A  rock  much  resembling  clinkstone,  and  called  by 
some  Petrosilex,  contains  a  considerable  percentage  of  quartz  and  fel- 
spar. As  both  trachyte  and  basalt  pass  into  clinkstone,  the  rock  so  called 
must  be  very  various  in  composition. 

Compact  Felspar,  which  has  also  been  called  Petrosilex;  the  rock  so  called 
includes  the  hornstone  of  some  mineralogists,  is  allied  to  clinkstone,  but 
is  harder,  more  compact,  and  translucent.  It  is  a  varying  rock,  of  which 
the  chemical  composition  is  not  well  defined,  and  is  perhaps  the  same  as 
that  of  clay.  (MacCulloch's  Claesification  of  Rocks^  p.  481.)  Dr.  Mao- 
Culloch  says,  that  it  contains  both  potash  and  soda. 

CoBNEAN.  A  variety  of  claystone  allied  to  hornstone.  A  fine  homogeneous 
paste,  supposed  to  consist  of  an  aggregate  of  felspar,  quartz,  and  horn- 
blende, with  occasional  epidote,  and  perhaps  chlorite ;  it  passes  into  com- 
pact felspar  and  hornstone.  {De  la  Beche,  Oeol.  Trant.  second  series, 
Tol.  2,  p.  8.) 

DiALLAOE  ROCK.  Syu.  Euphotidc,  Qabbro,  and  some  Ophiolites.  Compounded 
of  felspar  and  diallage,  sometimes  with  the  addition  of  serpentine,  or 
mica,  or  quartz.     (MacCuUochf  ibid.  p.  G48.) 

DiORiTE.  A  kind  of  greenstone,  which  see.  Components,  felspar,  and  horn- 
blende in  grains.  According  to  Rose,  Ann.  det  Mines,  tom.  8,  p.  4,  diorite 
ooosists  of  albite  and  hornblende. 
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DiOBiTic-PORPHTRT.  A  porphyritic  greenstone,  composed  of  crjstalB  of  albita 
and  hornblende,  in  a  greenish  or  blackish  base.  {Rote,  ibid.  p.  10.) 

DoLEBiTE.  Formerly  defined  as  a  synonym  of  greenstone,  which  see.  Bat, 
according  to  Rose  {ibid,  p.  82),  its  composition  is  black  aagite  and  La- 
brador-felspar ;  according  to  Leonhard  {Mineralreieh,  &c.  p.  77),  aagite, 
Labrador-felspar,  and  magnetic  iron. 

BoMiTX.     An  earthy  trachyte^  found  in  the  Pay  de  Dome,  in  Aayergne. 

EuPHOTiDE.  A  mixture  of  grains  of  Labrador-felspar  and  diallage.  {Rose,  ibid. 
p.  19.)  According  to  some,  this  rook  is  defined  to  be  a  mixture  of  aagite 
or  hornblende,  and  Saussurite,  a  mineral  allied  to  jade.  {Allan't  Mine- 
rahgyy  p.  158.)     See  Diallage  rock. 

Felspab-porphtry.  Syn.  Hornstone-porphyry ;  a  base  of  felspar,  with  crystals 
of  felspar,  and  crystals  and  grains  of  quartz.     Set  also  Homstone. 

Gabrro,  see  Diallage  rock. 

Greenstone.  Syn.  Dolerite  and  diorite ;  components,  hornblende  and  felspar, 
or  augite  and  felspar  in  grains.     See  above,  p.  872. 

Gretstonr.  (Graustein  of  Werner.)  Lead  grey  and  greenish  rock,  composed 
of  felspar  and  augite,  the  felspar  being  more  than  seyenty-fiTe  per  cent. 
{Scrope^  Joum.  of  Sci.  No.  42,  p.  221.)  Greystone  laras  are  intermediate 
in  composition  between  basaltic  and  trachytic  laras. 

Hornblende  Rock.  A  greenstone,  composed  principally  of  granalar  horn- 
blende, or  augite.     {Leonhard,  Mineralreich,  &c.,  p.  85.) 

HoRNSTONE,  HoRNSTONE-PORPHTRT.  A  kind  of  fclspar  porphyry  {Leonhard, 
ibid.),  with  a  base  of  homstone,  a  mineral  approaching  near  to  flint, 
diflfering  from  compact  felspar  in  being  infusible. 

Htperstuene  Rock,  a  mixture  of  grains  of  Labrador-felspar  and  hypersthene 
{Rose,  Ann.  des  Mines,  tom.  8,  p.  13),  having  the  structure  of  syenite  or 
granite ;  abundant  among  the  traps  of  Skye.  Some  geologists  consider 
it  a  greenstone,  in  which  hypersthene  replaces  hornblende. 

Laterite.  a  red  jaspery  rock,  composed  of  silicate  of  alumina  and  oxide  of 
iron.  Abundant  in  the  Dcccan,  in  India ;  and  referred  to  the  trap  for- 
mation ;  from  Later,  a  brick  or  tile. 

Melaphtre.  a  variety  of  black  porphyry,  the  base  being  black  aagite  with 
crystals  of  felspar ;  from  fit^as,  mela-s,  black. 

Obsidian.     Vitreous  lava  like  melted  glass,  nearly  allied  to  pitchstone. 

Ophiolite,  sometimes  same  as  Diallage  rocks  {Leonhard,  p.  77) ;  sometimes  a 
kind  of  serpentine. 

Ophite.  A  green  porphyritic  rock  composed  chiefly  of  hornblende,  with  crystals 
of  that  mineral  in  a  base  of  the  same,  mixed  with  some  felspar.  It  passes 
into  serpentine  by  a  mixture  of  talc.    Burafs  d^ Aubuisson,  tom.  ii.  p.  63.) 

Pearlstone.  a  volcanic  rock,  having  the  lustre  of  mother  of  pearl ;  usually 
having  a  nodular  structure ;  intimately  related  to  obsidian,  but  less  glassy. 

pEPERiNO.    A  form  of  volcanic  tuff,  composed  of  basaltic  scorisB.     See  p.  874. 

Petrosilex.     See  Clinkstone  and  Compact  Felspar. 

Phonolite.     Syn.  of  Clinkstone,  which  see. 

PiTCHSTONE.  Vitreous  lava,  less  glassy  than  obsidian ;  a  blackish  green  rock 
resembling  glass,  having  a  resinous  lustre  and  appearance  of  pitch ; 
composition  various,  usually'  felspar  and  augite;  passes  into  basalt; 
occurs  in  veins,  and  in  Arran  forms  a  dike  thirty  feet  wide,  catting 
through  sandstone ;  forms  the  outer  walls  of  some  basaltic  dikes. 

PoRPHTRT.  Any  rock  in  which  detached  crystals  of  felspar,  or  of  one  or  more 
minerals,  are  diffused  through  a  base,     ^ee  p.  872. 
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PottOLAHA.     A  kind  of  toff.     Ste  p.  36. 

Pomci.     A  light,  Bpongj,  fibroug  fono  of  lrach;te.     See  p.  373. 

PiKOXBiiic-POKFiiTaT,  Mine  M  augilic-porplijrj,  pyroxene  beiog  Had;'*  uun» 
for  aogitc. 

ScoKut.  Si/n.  Tolcanio  eiDders ;  redtlisii  brown  or  blaoli  porouB  form  of  IftTft. 
See  p.  373. 

Sbbpintini.  a  greeDisli  rock,  in  irbicb  there  is  much  magneaia;  utusilj  eon- 
tuns  diallage,  which  is  near);  allied  to  the  simple  mineral  colled  eerptn- 
tine.  Occurs  sometimes,  though  rarely,  in  dikes,  altering  the  contignoiu 
■trata ;  is  indiSerantly  a  member  of  (be  trappeao  or  hjpogene  series. 

Stbnitic-qiiiekstonk  ;  composition,  crj'stals  or  graiaa  of  felspar  and  bom- 
blende.     See  p.  372. 

TlPsnim,  BfnODjmoua  nith  lara,     Nnme  proposed  by  Alex.  Brongniart. 

ToADSTONi.     A  local  name  in  Derbyshire  for  a  kind  of  wack£,  which  see. 

Tracbttk.  Chiefly  composed  of  glassy  felspar,  with  crystala  of  glassy  feUpar. 
See  p.  372. 

Tkap  toff.     See  p.  374. 

TBAsa.  A  kiod  of  luff  or  mud  poured  out  by  lake  craters  during  erapConv; 
common  in  the  Eifel,  in  Germany 

TuFACEous  CoKGLoxEBATB.     See  p.  374. 

Tdff,     Sya.  Trap-tuff,  Tolcanlc  tuff.     See  p.  374. 

TlTEEOOS  LAVA.     See  Pitchstone  and  Obudian. 

Volcanic  Tuff.     See  p.  374. 

Waceb.  a  soft  and  earthy  Tariely  of  tmp,  having  an  argillaceous  aspect.  It 
resembles  indurated  clay,  and  when  scratched  eibibits  t,  sbiniug  streak. 

WmNBToNe.    A  Scotch  provincial  term  for  greeostoue  and  other  hard  trap  rooks. 
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CHAPTER  XXrX. 

VOLCANIC  BOCKB eoiltillfitd. 

Trap  dikes  — sometimes  project  —  Bomctimes  IckTC  finurM  Tseuithy  4i 

sition— Braochcs  and  xeiaB  at  trap  —  Dikes  more  eijBUIluia  in  tha  ceoti*— 
Foreign  fmemenls  of  rock  imbedded  —  Strata  nllered  at  or  near  llw  contMl 
—  Oblileratioa  of  orgtmic  remaios  —  Conversion  ot  cbalk  into  marUe  —  nd 
of  conl  into  coke  —  Iaei|usUt;  in  the  modifying  influencs  of  £kH  —  Tmf 
interposed  betneen  strata  —  Columnar  and  globular  stracture  —  Edatiou  (f 
trappcan  rocks  to  tbe  producte  of  ocliTc  Tolcanos — Sub-marine  lava  ■»! 
Reeled  matter  correspond  geuerallj  to  anoient  trap  —  Structure  and  pfajsleal 
features  of  Talma  and  eome  other  extinct  Tolcauoa. 

HaVINO  in  ihc  last  chapter  spoken  of  the  compoaitinn  and  miners]  cW- 
Bcters  of  voli^nic  rocks,  I  shall  next  describe  tbe  manner  and  position 
in  which  ihcy  oecur  ia  the  earth's  crust,  aad  their  external  forms.  Now 
the  leading  varieties,  such  as  basalt,  greenstone,  trachyte,  porphyry,  and 
the  rest,  are  found  sometimes  in  dikes  penetrating  Etratified  and  unatca- 
tifiod  fonnations,  sometimes  in  sbapeleBs  masses  protruding  through  or 
overlying  them,  or  in  horizontal  sheets  intercalated  between  strata. 

Volcanic  Jiires.  —  Fissures  have  already  been  spoken  of  as  ocenning 
in  all  kinds  of  rocks,  some  a  fen  feet,  others  many  yards  in  width,  and 
often  filled  up  with  earth  or  angular  piecca  of  stone,  or  with  sand  and 
pebbles.  Instead  of  such  material,  suppose  a  cjuanlity  of  melted  stone 
to  be  driven  or  injected  into  an  open  rent,  and  there  consolidated,  we 
have  then  a  tabular  mass  resembling  a  wall,  and  called  a  trap  dike.  It 
Fix.  i3»,  is  not  uncommon  to  find  snch 

dikes  passing  through  strata  of 
soft  materials,  snch  as  tuff  or 
shale,  which,  being  more  p&- 
risliablc  than  the  trap,  are  often 
washed  away  by  tbe  sea,  rivers, 
or  rain,  in  which  case  the  dike 
stands  prominently  out  in  the 
face  of  ])rccipices,  or  on  tbe 
level  surface  of  a  country.  (Seo 
the  anncicd  figure.*) 

In  tbe  islands  of  Arran, 
i>ikaintDi(>od»iLtT,neDrtk>i9raunU«d,Muiain.  Skyc,  iiiiil  (itbor  parts  of  Scot- 
land, where  sandstone,  conglomerate,  and  other  hard  rocks  are  traversed 
by  dikes  of  trap,  the  converse  of  the  above  phenomenon  is  seen.  The 
dike  having  decomposed  more  rapidly  than  the  containing  rock,  has  oncfl 
■  I  have  been  favoured  with  this  drawiug  bj  Captain  B.  HaJL 
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more  left  open  the  original  fissure,  ofleo  for  a  dUtoDce  of  many  jarda 

inland  from  the  sea-coast,  as  represented  in  the  annexed  view  (fig.  440). 

tit-iia.  In  these  instances,  the  greenstone  of  the 

dike  IB  usually  more  tough  and  hard  than 

the  sandstone;  but  chemical  action,  and 

chiefly  the  oxidation  of  the  iron,  has  given 

e  to  the  more  rapid  decay. 

There  is  yet  another  case,  by  no  means 

common  in  Arran  and   other  parts  of 

Scotiaod,  where  the  strata  in  contact  with 

the  dike,  and  for  a  certain  ciiMtunce  from 

it,  have  been  hardened,  so  as  to  resist  the 

action  of  the  weather  more  than  the  dike 

itself,  or  the   surrounding  rocks.     When 

this  happens,  two  parallel  walls  of  iodn- 

rated  strata  are  seen  protruding  above  the 

\  general  level  of  the  country,  and  following 

the  eourae  of  the  dike 

As  fissures  sometimes  send  off  branehos,  or  divide  into  two  or  more 

fissures  of  ccjual  size,  so  also  we  find  trap  dikes  bifurcating  and  ramify- 

)De,  and  sometimes  they  arc  bo  tortuous  as  to  be  called  veins,  though 

this  is  more  common  in  granite  than  in  trap.     The  accompanying  sketch 

(fig.  441}  by  Dr.  MacCuUoch  represents  part  of  a  sea-cliff  in  Argyle- 

yjg,44i_  shire,  where  an   overlying   mass  of  trap, 

b,  sends  out  some  veins  which  terminate 

downwards.     Another  trap  vein,  a  a,  cuts 

through   both  the   limestone,  c,  and  the 

In  fig.  442,  a  ground  plan  is  given  of  a 
ramifying  dike  of  greenstone,  which  I  ob- 
served cutting  through  sandstone  on  tha 
"  beach    near   Kildonan    Castle,  in   Arran. 

Tt»p  wIm  In  AirdnunuKiun.       j^g  larger  branch  varies  from  5  to  7  feet 
in  width,  which  will  afford  a  scale  of  measurement  for  the  whole. 


Ground  plan  oT  gmmUiie  Jlko  InTcniug  maOtMBf.    Arran. 

In  the  Hebrides  and  oihcr  countries,  the  same  masses  of  trap  which 
occupy  the  surface  of  the  country  far  and  wide,  concealing  the  subjacent 
stratified  rocks,  are  seen  also  in  the  sea  cliffs,  prolonged  downwards  in 
veins  or  dikes,  which  probably  unite  with  other  masses  of  igneous  rock 
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at  &  greater  depth.  The  largest  of  the  dikes  represented  ia  the  umexej 
diagram,  and  which  are  seen  in  part  of  the  coast  of  SIcye,  is  na  Usa  thin 
100  feet  in  width. 


j:    CHKCallodi.) 

Every  variety  of  trap-rock  is  sometimes  found  in  these  dikes,  as  basalt, 
greenstone,  felspar-porphyry,  and  more  rarely  trachyt«.  The  amygda- 
loidal  traps  also  occur,  and  even  tuff  and  breccia,  for  the  m&t«ri^  of 
these  last  may  be  washed  down  into  open  fissares  at  the  bottom  of  the 
sea,  or  during  eruptjons  on  the  land  may  be  showered  into  them  tna 
the  air. 

Some  dikes  of  trap  may  be  followed  for  leagnee  nninterruptaJly  ii 
nearly  a  straight  direction,  as  in  the  north  of  England,  showiDg  tbt 
the  fissures  which  they  fill  must  have  been  of  eztraordinai;  length. 

Diket  more  crffitaUine  tn  (A«  centre. — In  many  cases  t>^i  ftt  thi 
edges  or  sides  of  a  dike  is  leas  crystalline  or  more  earthy  than  in  ths 
centre,  in  consequence  of  the  melted  matter  having  cooled  more  n^)idly 
by  coming  in  contact  with  the  cold  sides  of  the  fissure;  whereas,  in  the 
centre,  the  matter  of  the  dike  being  kept  long  in  a  fluid  or  soil  state, 
the  crystals  are  slowly  formed.  In  the  ancient  part  of  Vesuvius,  called 
Somma,  a  thin  band  of  vitreous  lava  is  found  at  the  edge  of  some  dikes. 
At  the  junction  of  greenstone  dikes  with  limestone,  a  taMband,  or  sel- 
vage, of  serpentine  is  occasionally  observed. 

On  the  left  shore  of  the  fiord  of  Christiania,  in  Norway,  I  examined, 
in  company  with  Professor  Koilhau,  a  remarkable  dike  of  syenitic  green- 
stone, which  is  traced  through  Silurian  strata,  until  at  length,  in  the 
promontory  of  Nicsodden,  it  enters  mica-schist.  Fig.  444  represents  a 
ground  plan,  where  the  dike  ap- 
pears 8  paces  in  width.  In  the 
middle  it  is  highly  crystalline  and 
granitiform,  of  a  purplish  colour, 
and  containing  a  few  crystals  of 
mica,  and  strongly  contrasted  with 
the  whitish  mica-schist,  between 
which  and  the  syenitic  rock  there 
is  usually  on  each  side  a  distinct 
black  band,  18  inches  wide,  of 
dark  greenstone.  When  fir.it  seen, 
these  bands  have  the  appearance 
of  two  accompanying  dikes;  yet 
they  are,  in  fact,  only  the  different 
form  which  the  syenitic  materials  have  assumed  where  near  to  or  in  con- 
tact with  the  mica-schist.     At  one  point,  a,  ons  of  the  sahlbands  tei- 
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tniiu>t«8  for  a  space ;  but  near  this  there  is  a  large  detached  block,  b, 
tuTing  a  gDeiss-Iike  structure,  consisting  of  hornblende  and  fclapar,  whicli 
is  included  in  the  midst  of  the  diko.  Round  this  a  snialler  eDcircling 
■one  is  seen,  of  dark  basalt,  or  fine-grained  greenstone,  nearly  corres- 
ponding to  the  larger  ones  that  border  the  dike,  but  only  1  inch  wide. 

It  eecms,  therefore,  evident  that  the  fragment,  b,  has  acted  on  the 
matter  of  the  dike,  probably  by  causing  it  to  cool  more  rapidly,  in  the 
same  manner  as  the  walls  of  the  fissures  have  acted  on  a  larger  scale. 
The  facts,  also,  illustrate  the  facility  with  which  a  granitiform  syentio 
may  pass  into  ordinary  rocks  of  the  volcanic  family. 

The  fact  above  alluded  to,  of  a  foreign  fragment,  such  as  b,  fig.  444, 
n«.  4u.  included  in  the  midst  of  the  trap, 

as  if  torn  off  from  some  subja- 
cent rock  or  the  walb  of  a  fissure, 
ia  by  DO  means  Ducommon.  A 
fine  example  is  seen  in  another 
dike  of  greenstone,  10  feet  wide, 
in  the  northern  suburbs  of  Chri^ 
tiauia,  in  Norway,  of  which  the 
annexed  figure  is  a  ground  ^lan. 
The  dike  passes  through  shale, 
""gmfrE  cSS^ni..'"  ^™"'  """  known  by  its  fossils  to  belong  to 
the  Silurian  series.  In  the  black  base  of  greenstone  are  angular  and 
roandish  pieces  of  gneiss,  some  white,  others  of  a  light  flesh-colour,  some 
without  lamioation,  like  granite,  others  with  laminae,  which,  by  their 
various  and  often  opposite  diiections,  show  that  they  have  been  scattered 
at  random  through  the  matrix.  These  imbedded  pieces  of  gneiss  mea- 
Bore  from  1  to  about  8  inches  in  diameter. 

Rocka  altered  hy  volcanic  dike).  —  Afler  these  remarks  on  the  form 
and  composition  of  dikes  themselves,  I  shall  describe  the  alterations 
which  they  sometimes  produce  in  the  rocks  in  contact  with  them.  The 
changes  are  usually  such  as  the  intense  beat  of  melted  matter  and  the 
pntangled  gases  might  be  expected  to  cause. 

J'las-A'ewgdd. — A  striking  example,  near  Plas-Newydd,  in  Anglesea, 
has  been  described  by  Professor  Henslow.*  The  dike  is  134  feet  wide, 
and  consists  of  a  rock  which  is  a  compound  of  felspar  and  augite  (dole- 
rite  of  some  authors).  Strata  of  shale  and  argillaeeous  limestone, 
through  which  it  cuts  perpendicularly,  are  altered  to  a  distance  of  30, 
or  even,  in  some  places,  to  85  feet  from  the  edge  of  the  dike.  The 
shale,  as  it  approaches  the  trap,  becomes  gradually  more  compact,  and  is 
most  indurated  where  nearest  the  junction.  Here  it  loses  part  of  its 
Bchistose  structure,  but  the  separation  into  parallel  layers  is  still  discerni- 
ble. In  several  places  the  shale  is  converted  into  hard  porcellanous 
jasper.  In  the  most  hardened  part  of  the  mass  the  fossil  shells,  prin- 
cipally ProdtKli,  are  nearly  obliterated  ;  yet  even  here  their  impresNons 
■Cambridge  TranBaotione,  io1  1.  p.  402. 
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may  ^qucntlj  be  traced.  The  argitlaceons  limeBtone  undergoes  anilo> 
gous  mutations,  losing  it«  eariby  texture  as  it  approaches  the  dike,  and 
becoming  granular  and  crystalline.  Sut  the  most  extraordinary  pheno- 
nomcnon  is  tlie  appearance  in  the  shale  of  nuinerons  crystal*  of  anal- 
cime  and  garnet,  nhich  arc  distinctly  confined  to  those  portions  of  the 
rock  affected  by  the  dike.*  Some  garnets  contain  aa  much  as  20  per 
cent,  of  liTiie,  which  they  may  have  derived  from  the  decomposition  rf 
the  fosaW  shells  or  Product!.  The  same  mineral  has  been  observed, 
under  Tprv  analogous  circumstances,  in  High  Tecsdale,  by  Professor 
Sedgwick,  ichere  it  also  occurs  in  shale  and  limeslane,  altered  byboealLt 
Antrim.  —  In  several  parts  of  the  county  of  Antrim,  in  the  north  of 
Ireland,  chalk  with  flints  is  traversed  by  basaltic  dikes.  The  chalk  is 
there  converted  into  granubr  marble  near  the  basalt,  the  change  som^ 
times  extending  8  or  10  feet  from  the  wall  of  the  dike,  being  greateM 
near  the  point  of  contact,  and  thence  gmdually  decreasing  till  it  becomes 
evanescent.  "  The  extreme  cfiect,"  says  Dr.  Berger,  "  presents  a  diik 
brown  crystalline  limestone,  the  cryBtals  running  in  flakes  aa  largo  M 
those  of  coarse  primitive  (me(amorphic)  limestone ;  the  next  state  is 
saccharine,  then  fine-grained  and  arenaceous;  a  compact  variety^  haviitg 
a  porcellaneous  aspect  and  a  bluiBh-grey  colour,  succeeds  :  this,  toward 
the  outer  edge,  becomes  yellowish- white,  and  insensibly  gradnatee  into 
the  unaltered  cbalk.  The  flints  in  the  altered  chalk  usnally  assume  a 
grey  yellowish  colour.*'J  All  traces  of  organic  remains  are  efiaoed  in 
that  part  of  the  limestone  which  is  moat  crystalline. 
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The  annexed  drawing  (fig.  446)  represents  three  basaltic  dikes  tr»* 
versing  the  chalk,  all  within  the  distance  of  90  feet.  The  chalk  con- 
tiguous to  the  two  outer  dikes  is  converted  into  a  finely  granular  marble, 
m  m,  aa  are  the  whole  of  tlic  masses  between  the  outer  dikes  and  ths 
central  one.  The  entire  contrast  in  the  composition  and  colour  of  the 
intrusive  and  invaded  rocks,  in  these  cases,  renders  the  phenomena  pecu- 
liarly clear  and  interesting. 

Another  of  the  dikes  of  the  north-east  of  Ireland  has  converted  t 
mass  of  red  sandstone  into  lionislooe.||     By  another,  the  slate  clay  of 

*  Cambridge  Trans,  vot.  i.  p.  410.  |  Geal.  Traas.,  In  Mriea,  vol.  iU.  p 

f  Ibid.  vol.  ii.  p.  IT5.  210,  and  pUle  10. 

tI>r.BerBer,GBol.Trana.,l3t aeries,  ||Ibid.  p.  201, 
ToL  iU.  p.  172. 
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Ihe  coal  measures  has  been  indurated,  and  has  assumed  the  character  of 
flinty  slate  ',*  and  in  another  place  the  slate  clay  of  the  lias  has  been 
changed  into  flinty  slate,  which  still  retains  numerous  impressions  of 

ammonites.t 

It  might  have  been  anticipated  that  beds  of  coal  would,  from  their 

combustible  nature,  be  affected  in  an  extraordinary  degree  by  the  contact 
of  melted  rock.  Accordingly,  one  of  the  greenstone  dikes  of  Antrim, 
on  passing  through  a  bed  of  coal,  reduces  it  to  a  cinder  for  the  space 
of  9  feet  on  each  side.| 

At  Cockfield  Fell,  in  the  north  of  England,  a  similar  change  is  observed. 
Specimens  taken  at  the  distance  of  about  30  yards  from  the  trap  are 
not  distinguishable  from  ordinary  pit  coal ;  those  nearer  the  dike  are 
like  cinders,  and  have  all  the  character  of  coke ;  while  those  close  to  it 
are  converted  into  a  substance  resembling  soot.§ 

As  examples  might  be  multiplied  without  end,  I  shall  merely  select 
one  or  two  others,  and  then  conclude.  The  rock  of  Stirling  Castle  is  a 
calcareous  sandstone,  fractured  and  forcibly  displaced  by  a  mass  of  green- 
stone which  has  evidently  invaded  the  strata  in  a  melted  state.  The 
sandstone  has  been  indurated,  and  has  assumed  a  texture  approaching 
to  homstone  near  the  junction.  In  Arthur's  Seat  and  Salisbury  Craig, 
near  Edinburgh,  a  sandstone  which  comes  in  contact  with  greenstone  is 
converted  into  a  jaspideous  rock.  || 

The  secondary  sandstones  in  Skye  are  converted  into  solid  quartz  in 
several  places,  where  they  come  in  contact  with  veins  or  masses  of  trap ; 
and  a  bed  of  quartz,  says  Dr.  MacCulloch,  found  near  a  mass  of  trap, 
among  the  coal  strata  of  Fife,  was  in  all  probability  a  stratum  of  ordi- 
nary sandstone,  having  been  subsequently  indurated  and  turned  into 
quartzite  by  the  action  of  hcat.^ 

But  although  strata  in  the  neighbourhood  of  dikes  are  thus  altered  in 
a  variety  of  cases,  shale  being  turned  into  flinty  slate  or  jasper,  limestone 
into  crystalline  marble,  sandstone  into  quartz,  coal  into  coke,  and  the 
fossil  remains  of  all  such  strata  wholly  and  in  part  oblitorated,  it  is  by  no 
means  uncommon  to  meet  with  the  same  rocks,  even  in  the  same  dis- 
tricts, absolutely  unchanged  in  the  proximity  of  volcanic  dikes. 

This  great  inequality  in  the  effects  of  the  igneous  rocks  may  often 
arise  from  an  original  difference  in  their  temperature,  and  in  that  of  the 
entangled  gases,  such  as  is  ascertained  to  prevail  in  different  lavas,  or  in 
the  same  lava  near  its  source  and  at  a  distance  from  it.  The  power  also 
of  the  invaded  rocks  to  conduct  heat  may  vary,  according  to  their  com- 
position, structure,  and  the  fractures  which  they  may  have  experienced, 
and  perhaps,  also,  according  to  the  quantity  of  water  (so  capable  of  being 

*  Geol.  Trans.,  1st  series,  vol.  iii.  p.        {  Sedgwick,   Camb.  Trans.,  vol.   li 

206.  p.  87. 

t  Ibid.  p.  213 ;  and  Playfair,  Illust.         ||  lUust.  of  Hutt.  Theory,  {  258,  and 

of  Hntt.  Theory,  s.  253.  261.      Dr.  MacCulloch,  Geol.  Trans., 

J  Geol.  Trans.,  Ist  series,  vol.  iii.  p.  Ist  series,  vol.  ii.  p.  305. 
206.  If  Syst  of  Geol.  vol.  i.  p.  206. 
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heated)  nbicli  tbey  contain.  It  mnst  happen  in  some  caaee  tlut  tits 
component  materials  are  mixed  in  sncb  proportionB  ae  prepare  Hum 
reodil;  to  enter  into  chemical  nnion,  and  form  new  minerals ;  while  in 
other  cases  the  moss  ma;  be  more  homogeneons,  or  the  proportiona  hm 
adapted  for  such  union. 

We  must  also  lake  into  conuderation,  that  one  fissore  may  be  nnqilj 
filled  vith  lava,  which  may  begin  to  cool  from  the  first;  wbenuis  in  other 
caaee  the  figure  may  give  passage  to  a  current  of  melted  matter,  which 
may  ascend  for  days  or  months,  feeding  streams  which  are  OTCrfiowing 
the  country  above,  or  are  ejected  in  the  shape  of  scoriie  from  some  crater. 
If  the  walla  of  a  rent,  moreover,  are  heated  by  hot  vapour  before  tb 
lava  rises,  as  we  know  may  happen  on  the  flanks  of  a  volcano,  the  addi- 
tional caloric  supplied  by  the  dike  and  its  gases  will  act  more  powerfully. 

Intrusion  of  trap  betaeen  tirata.  —  In  proof  of  the  mechanical  force 
which  the  fluid  has  sometimea  exerted  on  the  rocks  into  which  it  his 
intruded  itself,  I  may  refer  to  the  Whin-Sill,  where  a  mass  of  hwalt, 
from  60  to  80  feet  in  height,  representedby  a,  fig.  447,  isinpartw«dged 

Hg.«J. 


^rm  Interpoied  be  whd  d  sp  mc«d  bedi      UmwtaiM  uul  flhftle,  «t  WhtU  #onML 

mgh  Teudilt,  Darbmi.    ^Sedgwick*) 

in  between  the  rocks  of  limestone,  b,  and  shale,  c,  which  have  been 
separated  from  the  great  mass  of  limesloue  and  shale,  d,  with  which  they 
were  united. 

The  shale  in  this  place  is  indurated;  and  the  limestone,  which  at  a 
distance  from  the  trap  is  blue,  and  contmns  fossil  corals,  is  here  converted 
into  granular  marble  without  fossils. 

Masses  of  trap  are  not  unfrcqucntly  met  with  intercalated  between 
strata,  and  maintaining  their  parallelism  to  the  planes  of  stratifieaticu 
throughout  large  nreaa.  They  must  in  some  places  have  forced  their 
way  literally  between  the  divisions  of  the  strata,  a  direction  in  which 
there  woiiM  be  the  least  resislance  to  an  advancing  fluid,  if  no  vertical 
rents  cniiiinuuieatod  with  the  surface,  and  a  powerful  hydrostatic  pres- 
sure was  caused  by  gases  propelling  the  lava  upwards. 

Columnar  and  gh/bular  structure.  —  One  of  the  characleristic  forme 
of  volcanic  rocks,  especially  of  basalt,  is  the  columnar,  whore  brgc  ma^^es 
are  divided  into  regular  prisms,  sometimes  easily  separable,  but  in  other 
cases  adhering  firmly  together.  The  columns  vary  in  the  number  of 
angles,  irom  three  to  twelve;  but  tbey  have  most  commonly  from  five 
■Camb.  Trans,  vol.  ii.  p.  180. 
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to  seven  aides.  They  are  often  divided  transverael;,  at  neaii;  eqnal  dh- 
tancea,  like  the  jointa  in  a  vertebral  column,  as  in  the  QiantB'  Causeway, 
ID  Ireland.  They  vary  exceedingly  in  respect  to  length  and  diameter. 
Dr.  MacCulloch  mentiooa  some  in  Skye  which  are  about  400  feet  long; 
others,  ib  Morveo,  not  exceeding  an  inch.  Id  regard  to  diameter,  tboM 
of  Ailsa  measure  9  feet,  and  those  of  Morven  an  inch  or  less.*  They 
are  OBually  stmght,  but  sometimes  curved ;  and  examples  of  both  these 
oc«nr  in  the  island  of  Stal&.  In  a  horizontal  bed  or  sheet  of  trap  the 
columns  are  vertical ;  in  a  vertical  dike  they  are  horizontal.  Among 
other  examples  of  the  last-meutioned  phenomeiion  ia  the  maas  of  basalt, 
called  the  Chimney,  in  St.  Helena  (see  fig.  448),  a  pile  of  hexagonal 
primui,  64  feet  high,  evidently  the  remainder  of  a  narrow  dike,  the  walla 
n«.HS. 


of  rock  which  the  dike  originally  traversed  having  been  removed  down 
tf,  the  level  of  the  sea.  In  fig.  449,  a  small  portion  of  this  dike  ia 
represented  on  &  leas  reduced  scale. f 

It  being  assumed  that  columnar  trap  has  consolidated  from  a  fluid 
state,  the  prisms  are  said  to  be  always  at  right  angles  to  the  cooling  gur- 
faea.  If  these  aurfiices,  therefore,  instead  of  being  either  perpendicu- 
lar, or  horizontal,  are  curved,  the  columns  ought  to  be  inclined  at  every 
angle  to  the  horizon ;  and  there  is  a  beautiful  exemplification  of  this- 


ft  of  La  Cfmpt  d!Aju(^  imr  AntnJgne,  Id  tbA  prof  Irun  of  A: 
•  MaoCul.  Sjst.  of  GboI.  voL  ii.  p.  187. 
t  8eal«'(  aeogiii)B7  of  8L  HsIsdb,  platt  9. 
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phcDonicnon  in  odc  of  the  vallcjni  of  the  Tivsrais,  a  mountaiumu  dis- 
trict in  the  South  of  France,  where,  in  the  midst  of  a  region  of  gnost, 
a  geologiiit  cupounters  unexpectedly  Bcreral  volranic  cones  of  loose  sutd 
niid  fu^oriic.  From  the  crater  of  one  of  these  cones,  called  La  Coape 
<1'  Ayiae,  a  ntreuin  <if  liiva  draeendtt  and  occupies  the  bottom  o^a  nuvjw 
valley,  cipept  at  thiise  points  where  tlie  river  Volant,  or  the  torrents 
which  join  it,  have  out  away  portions  of  the  solid  lava.  The  accomps- 
nying  Bkotcli  (fig.  450)  representg  the  remnant  of  the  lava  nt  one  of  th* 
j<ointH  where  a  laWral  torrent  joina  the  main  valley  of  the  Volant-  It 
19  clear  tliat  the  hiva  once  filled  the  whole  valley  up  to  the  dotted  line 
•/a;  but  the  river  has  gradually  swept  away  all  below  that  line,  while 
the  tributury  torrent  has  laid  open  a  transverse  section ;  by  which  we 
perceive,  in  the  first  place,  that  the  lava  is  composed,  as  usual  in  thi? 
country,  of  three  parts:  the  uppermost,  at  a,  being  scoriaceons;  the 
second,  h,  prexcnting  irregular  prisms ;  and  the  third,  f,  with  regolir 
columns,  which  arc  vertical  on  the  banks  of  the  Volant,  where  they  roi 
on  a  hi>rii'>ntal  base  of  gneiss,  bat  which 
arc  inclined  at  an  angle  of  45°  nt  g,  and 
then  horiiontal  at/,  their  position  having 
been 'every  where  determined,  kocording 
to  the  law  before  mentiooed,  bj  the  con- 
cave form  of  the  ori^ual  nJley. 

In  the  annexed  figure  (461)  a  view  is 
given  of  some  of  the  inclined  and  carted 
columns  which  present  thenuelTes  on  the 
sides  of  the  valleys  in  the  hilly  regim 
north  of  Vicenza,  in  Italy,  and  at  the 
foot  of  the  higher  Alps*  Unlike  those 
of  the  Vivarais,  last  mentioned,  tlie  la- 
salt  of  this  country  was  evidently  snlns- 
•inc,  and  the  present  volleys  have  since  been  hollowed  out  by  denndatiai. 
The  columnar  structure  is  by  no  means  peculiar  to  the  trap  neks  b 
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irbich  hornblende  or  nugito  predomiuale ;  it  ia  also  observed  in  clink- 
BtoDe,  traehytc,  nod  other  felapntbin  rocks  of  the  igneous  class,  although 
ID  these  it  is  rarely  exhibited  in  sucb  regular  polygonal  forms. 

It  has  been  already  stated  that  basaltic  columns  aro  afi|«a  divided  by 
cross  joints.  Sometimes  .each  segment,  instead  of  an  angular,  assumes 
a  apheroidal  form,  so  that  a.  pillar  is  made  up  of  a  pile  of  balls,  usnallj 
flattened,  as  in  the  Chccsc-grotto  at  Bertrich -Baden,  in  the  Eifel,  near 
the  Moselle  (6g.  452).  The  basalt,  there,  is  purt  of  a  small  stream  of 
lava,  &om  30  to  40  feet  thick,  which  has  proceeded  from  one  of  several 
Tolcanic  craters,  still  extant,  on  the  neighbouring  heights.  The  position 
of  the  lava  bordering  the  river  in  this  valley  might  he  represented  by  a 
sec^on  like  that  already  given  at  fig.  460,  p,  885,  if  wc  merely  supposed 
inclined  strata  of  slate  and  the  argillaceous  sandstone  called  grcywack^ 
to  be  substituted  for  gneiss. 

In  some  masses  of  decomposing  greenstone,  ba^uilt,  and  other  trap 
rocks,  the  globular  structure  is  so  conspicuous  that  tho  rock  has  the 
appearance  of  a  heap  of  large  cannon  halls. 

A  striking  example  of  this  structure  occurs  in  a  resinous  trachyte  or 
pitchstone- porphyry  in  one  of  the  Punza  islands,  which  rise  from  the 
Sdedilenancan,  off  the  coast  of  Tcrracina  and  Gaeta.  The  globes  vary 
^1,  j43^  from  a  few  inches  to  three  feet  in  diameter, 

and  are  of  an  ellipsoidal  form  (sec  fig.  453). 
The  whole  rock  is  in  a  state  of  decomposi- 
tion, "  and  when  the  balls,"  says  Mr.  Scrope, 
"  have  been  exposed  a  short  time  to  tbe  wea- 
ther, they  scale  off  at  a  touch  into  numerons 
concentric  coats,  like  those  of  a  bulbous 
root,  inclosing  a  compact  nucleus.  The  la- 
mina) of  this  nucleus  have  not  been  so  much 
loosened  by  decomposition ;  but  the  applica- 
tion  of  a  ruder  blow  will  produce  a  still  fur- 
ther exfoliation."* 

A  fissile  texture  is  occasionally  assumed 
by  clinkstone  and  other  trap  rocks,  so  that 
they  have   been    used  for  roofing   bouses. 
Sometimes  the  prismatic  and  slaty  structure 
is  found   in  the  same  mass.     The   causes 
which   give  rise  lo  such  arrangements  are 
(SmK.i*'    ^""^  obscure,  but  are  supposed  to  be  con- 
nected with  changes  of  temperature  during 
tbe  cooling  of  the  mass,  as  will  be  pointed  out  in  the  sequel.     (See 
Chaps.  XXXV.  and  XXXVI.) 

Relation  of  Trapptan  Rocks  lo  the  prmliirla  of  active  Vblcaiios. 

When  we  reflect  on  the  changes  above  described  in  the  strata  near 

their  contact  with  trap  dikes,  and  consider  how  great  is  the  analogy  in 

■  Scrope,  OcoL  Trans.  <rol.  il.  p.  206,  2d  series. 
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composition  and  Btrncture  of  the  rocks  called  trappean  and  the  layas  of 
active  volcanos,  it  seems  difficult  at  first  to  understand  how  so  much  doabt 
could  have  prevailed  for  half  a  century  as  to  whether  trap  was  of  igneou 
or  aqueous  origin.  To  a  certain  extent,  however,  there  was  a  real  dis- 
tinction between  the  trappean  formations  and  those  to  which  the  term 
volcanic  was  almost  exclusively  confined.  The  trappean  rocks  fibrst  studied 
in  the  north  of  Germany,  and  in  Norway,  France,  Scotland,  and  other 
countries,  were  either  such  as  had  been  formed  entirely  under  deep 
water,  or  had  been  injected  into  fissures  and  intruded  between  strata,  and 
which  bad  never  flowed  out  in  the  air,  or  over  the  bottom  of  a  shallow 
.<M}a.  When  those  products,  therefore,  of  submarine  or  subterranean 
igneous  action  were  contrasted  with  loose  cones  of  scoriad,  tu£^  and  lava, 
or  with  narrow  streams  of  lava  in  great  part  scoriaceous  and  porous,  such 
as  were  obsi^rved  to  have  proceeded  from  Vesuvius  and  Etna,  the  resem- 
blance seemed  remote  and  equivocal.  It  was,  in  truth,  like  comparing 
the  roots  of  a  tree  with  its  leaves  and  branches,  which,  although  they 
Wlong  to  the  same  plant,  differ  in  form,  texture,  colour,  mode  of  growth, 
and  position.  The  external  cone,  with  its  loose  ashes  and  porous  lava, 
may  be  likened  to  the  light  foliage  and  branches,  and  the  rocks  concealed 
far  below,  to  the  roots.     But  it  is  not  enough  to  say  of  the  volcano^ 

**  quantum  vertice  in  aaras 
^therias,  tantum  radice  in  Tartara  tendit," 

for  its  roots  do  literally  reach  downwards  to  Tartarus,  or  to  the  regions 
of  subterranean  fire ;  and  what  is  concealed  far  below,  is  probably  always 
more  important  in  volume  and  extent  than  what  is  visible  above  ground. 
We  have  already  stated  how  frequently  dense  masses  of  strata  have 
been  removed  by  denudation  from  wide  areas  (sec  Chap.  VI.);  and  this 
Fig.  454.  fact  prepares  us  to  expect  a  similar  destmc- 

tion  of  whatever  may  once  have  formed  the 
uppermost  part  of  ancient  submarine  or 
subacrial  volcanos,  more  especially  as  those 
superficial  parts  are  always  of  the  lightest 
and  most  perishable  materials.  The  abrupt 
manner  in  which  dikes  of  trap  usually  ter- 
minate at  the  surface  (see  fig.  454),  and 
the  water-worn  pebbles  of  trap  in  the  alio- 
vium  which  covers  the  dike,  prove  incon- 
testably  that  whatever  was  uppermost  in  these  formations  has  been  swept 
away.  It  is  easy,  therefore,  to  conceive  that  what  is  gone  in  regions  of 
trap  may  have  corresponded  to  what  is  now  visible  in  active  volcanos. 

It  will  be  seen  in  the  following  chapters,  that  in  the  earth's  crust 
there  are  volcanic  tuffs  of  all  ages,  containing  marine  shells,  which  bear 
witness  to  eruptions  at  many  successive  geological  periods.  These  tuffs, 
and  the  associated  trappean  rocks,  must  not  be  compared  to  lava  and 
scoriae  which  had  cooled  in  the  open  air.  Their  counterparts  must  be 
sought  in  the  products  of  modem  submarine  volcanic  eruptions.     If  it 


Strata  int4?rwcto«l  by  a  trap  dike,  and 
ouTered  with  alluTium. 
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be  objected  that  we  have  no  opportunity  of  studying  these  last,  it  may 
be  answered,  that  subterranean  movements  have  caused,  almost  every- 
where in  regions  of  active  volcanos,  great  changes  in  the  relative  level 
of  land  and  sea,  in  times  comparatively  modem,  so  as  to  expose  to  view 
the  effects  of  volcanic  operations  at  the  bottom  of  the  sea. 

Thus,  for  example,  the  recent  examination  of  the  igneous  rocks  of 
Sicily,  especially  those  of  the  Val  di  Noto,  has  proved  that  all  the 
more  ordinary  varieties  of  European  trap  have  been  there  produced 
under  the  waters  of  the  sea,  at  a  modem  period ;  that  is  to  say,  since 
the  Mediterranean  has  been  inhabited  by  a  great  proportion  of  the 
existing  species  of  testacea. 

These  igneous  rocks  of  the  Val  di  Noto,  and  the  more  ancient  trap- 
pean  rocks  of  Scotland  and  other  countries,  differ  from  subaerial  volcanic 
formations  in  being  more  compact  and  heavy,  and  in  forming  sometimes 
extensive  sheets  of  matter  intercalated  between  marine  strata,  and 
sometimes  stratified  conglomerates,  of  which  the  rounded  pebbles  are 
all  trap.  They  differ  also  in  the  absence  of  regular  cones  and  craters, 
and  in  the  want  of  conformity  of  the  lava  to  the  lowest  levels  of  exist- 
ing valleys. 

It  is  highly  probable,  however,  that  insular  cones  did  exist  in  some 
parts  of  the  Val  di  Noto :  and  that  they  were  removed  by  the  waves, 
in  the  same  manner  as  the  cone  of  Graham  island,  in  the  Mediterranean, 
was  swept  away  in  1831,  and  that  of  Nyoe,  off  Iceland,  in  1783.*  All 
that  would  remain  in  such  cases,  after  the  bed  of  the  sea  has  been  up- 
heaved and  laid  dry,  would  be  dikes  and  shapeless  masses  of  igneous 
rock,  cutting  through  sheets  of  lava  which  may  have  spread  over  the 
level  bottom  of  the  sea,  and  strata  of  tuff,  formed  of  materials  first  scat- 
tered fiir  and  wide  by  the  winds  and  waves,  and  then  deposited.  Trap 
conglomerates  also,  to  which  the  action  of  the  waves  must  give  rise 
during  the  denudation  of  such  volcanic  islands,  will  emerge  from  the 
deep  whenever  the  bottom  of  the  sea  becomes  land. 

The  proportion  of  volcanic  matter  which  is  originally  submarine  must 
always  be  very  great,  as  those  volcanic  vents  which  are  not  entirely  be- 
neath the  sea,  are  almost  all  of  them  in  islands,  or,  if  on  continents, 
near  the  shore.  This  may  explain  why  extended  sheets  of  trap  so  often 
occur,  instead  of  narrow  threads,  like  lava  streams.  For,  a  multitude 
of  causes  tend,  near  the  land,  to  reduce  the  bottom  of  the  sea  to  a  nearly 
uniform  level,  —  the  sediment  of  rivers,  —  materials  transported  by  the 
waves  and  currents  of  the  sea  from  wasting  cliffs,— showers  of  sand  and 
scoriae  ejected  by  volcanos,  and  scattered  by  the  wind  and  waves. 
When,  therefore,  lava  is  poured  out  on  such  a  surface,  it  will  spread  far 
and  wide  in  every  direction  in  a  liquid  sheet,  which  may  afterwards, 
when  raised  up,  form  the  tabular  capping  of  the  land. 

As  to  the  absence  of  porosity  in  the  trappean  formations,  the  ap- 
pearances are  in  a  great  degree  deceptive,  for  all  amygdaloids  are,  as 

*  See  Princ.  of  Geol.,  Indez^  "  Graham  Island,"  "  Njoe,"  *'  Conglomerates, 
Tolcamc,"  fto. 
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already  explained,  porous  rocks,  into  the  cells  of  which  mineral  matter, 
such  as  silcx,  carbonate  of  lime,  and  other  ingredients,  have  been  8ub« 
sequently  introduced  (see  p.  373) ;  sometimes,  perhaps,  by  secretion 
during  the  cooling  and  consolidation  of  lavas. 

In  the  Little  Cumbray,  one  of  the  Western  Islands,  near  Arran,  the 
amygdaloid  sometimes  contains  elongated  cavities  filled  with  brown 
spar;  and  when  the  nodules  have  been  washed  out,  the  interior  of 
the  cavities  is  glazed  with  the  vitreous  varnish  so  characteristic  of  the 
pores  of  slaggy  lavas.  Even  in  some  parts  of  this  rock  which  are  ex- 
cluded from  air  and  water,  the  cells  are  empty,  and  seem  to  have  always 
remained  in  this  state,  and  are  therefore  undistinguishat^le  from  some 
modem  lavas.* 

Dr.  MacCulloch,  after  examining  with  great  attention  these  and  the 
other  igneous  rocks  of  Scotland,  observes,  "  that  it  is  a  mere  dispute 
about  terms,  to  refuse  to  the  ancicrft  eruptions  of  trap  the  name  of  sub- 
marine volcanos ;  for  they  are  such  in  every  essential  point,  although 
they  no  longer  eject  fire  and  smoke. "f  The  same  author  also  considers 
it  not  improbable  that  some  of  the  volcanic  rocks  of  the  same  country 
may  have  been  poured  out  in  the  open  air.;]; 

Although  the  principal  component  minerals  of  subaerial  lavas  are  the 
same  as  those  of  intrusive  trap,  and  both  the  columnar  and  globular 
structure  are  common  to  both,  there  are,  nevertheless,  some  Toleanie 
rocks  which  never  occur  as  lava,  such  as  greenstone,  clinkstone,  the  more 
crystalline  porphyries,  and  those  traps  in  which  quartz  and  mica  appear 
as  constituent  parts.  In  short,  the  intrusive  trap  rocks,  forming  the 
intermediate  step  between  lava  and  the  plutonic  rocks,  depart  in  their 
characters  from  lava  in  proportion  as  they  approximate  to  granite. 

These  views  rospi^cting  the  relations  of  the  volcanic  and  trap  rocks 
will  be  better  understijod  when  the  reader  has  studied,  in  the  33d  chapter, 
what  is  said  of  the  plutonic  formations. 


FORM,    STRUCTURE,   AND   ORIGIN    OF   VOLCANIC   MOUNTAINS. 

The  origin  of  volcanic  cones  with  crater-shaped  summits  has  been 
alluded  to  in  the  last  chapter  (p.  3G8),  and  more  fully  explained  in  the 
"Principles  of  Geology"  (chaps,  xxiv.  to  xxvii.),  where  Vesuvius, 
Etna,  Santoriu,  and  Barren  Island  were  described.  The  more  ancient 
portions  of  those  mountains  or  islands,  formed  long  before  the  times  of 
history,  exhibit  the  same  external  features  and  internal  structure  which 
belong  to  most  of  the  extinct  volcanos  of  still  higher  antiquity. 

The  island  of  Palma,  for  example,  one  of  the  Canaries,  offers  an 
excellent  illustration  of  what,  in  common  with  many  others,  I  regard 
as  the  ruins  of  a  large  dome-shaped  mass  formed  by  a  series  of  erup- 
tions proceeding  from  a  crater  at  the  summit,  this  crater  having  been 

♦  MacCulloch,  Wert.  Isl.,  vol.  ii.  p.        f  Syst.  of  Geol.,  vol.  ii.  p.  114. 
487.  t  l*>id. 
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since  replaced  by  ii  Inrger  cavity,  the  origin  of  which  has  afforded  g 
gists  BD  ample  6cld  for  discussion  and  apeeiilntioD. 

Yon  Buch,  in  hia  excellent  account  of  the  Canaries,  has  given 
graphic  picture  of  this  island,  which  coDsists  chiefly  of  a  single  n 


892  FORX,  STRUCTURB,  AKD  ORIGIN  [GiL  ZXEL 

tain  (fig.  455).  This  mountain  has  the  general  form  of  a  great  tmneated 
cone,  with  a  huge  and  deep  eavitj  in  the  middle,  about  six  miles  in 
diameter,  called  by  the  inhabitants  '*  the  Caldera,"  or  cauldron.  The 
range  of  precipices  surrounding  the  Caldera  are  no  letss  than  4000  feet 
in  their  average  height ;  at  one  point,  where  they  are  higfaeftt,  they  are 
7730  fcot  above  the  level  of  the  sea.  The  external  flanks  of  the  ooiie 
incline  gently  in  every  direction  towards  the  base  of  the  island,  and  are 
in  part  cultivated ;  but  the  walb  and  bottom  of  the  Caldera  present  on 
all  sides  rugged  and  uncultivated  rocks,  almost  completely  devoid  of 
vegetation.  8o  stoop  are  those  walls,  that  there  is  no  part  by  which 
they  can  l>o  dcsoondod,  and  the  only  entrance  is  by  a  great  ravine,  or 
Barranco,  as  it  is  called  (see  b  h'y  map,  fig.  456),  which  extends  from 
the  sea  to  the  interior  of  the  great  cavity,  and  by  its  jagged,  broken, 
and  precipitous  sides,  exhibits  to  the  geologist  a  transverse  section  ci  the 
rocks  of  which  the  whole  mountain  is  composed.  By  this  means,  we 
learn  that  the  cone  is  made  up  of  a  great  number  of  sloping  beds,  which 
dip  outwards  in  every  direction  from  the  centre  of  the  void  space,  or 
from  the  hollow  axis  of  the  cone.  The  beds  consist  chiefly  of  sheets 
of  basalt,  altomating  with  conglomerates;  the  materials  of  the  latter 
being  in  part  rounded,  as  if  rolled  by  water  in  motion.  The  inclina- 
tion of  all  the  beds  corresponds  to  that  of  the  external  slope  of  the 
island,  being  greatest  towards  the  Caldera,  and  least  steep  when  they 
arc  nearest  the  sea.  There  are  a  great  number  of  tortuous  veins,  and 
many  dikes  of  lava  or  trap,  chiefly  basaltic,  and  most  of  them  yertical, 
which  cut  through  the  sloping  beds  laid  open  to  view  in  the  great  gorge 
or  Barranco.  These  dikes  and  veins  are  more  and  more  abundant  as  we 
approach  the  Caldera,  being  therefore  most  numerous  where  the  slope 
of  the  beds  is  greatest. 

Assuming  the  cone  to  be  a  pile  of  volcanic  materials  ejected  by  a  long 
succession  of  eruptions  (a  point  on  which  all  geologists  are  agreed),  we 
have  to  account  for  the  Caldera  and  the  great  Barranco.  I  conceive  that 
the  cone  itself  may  be  explained,  in  accordance  with  what  we  know  of 
the  ordinary  growth  of  volcanos,*  by  supposing  most  of  the  eruptions 
to  have  taken  place  from  one  or  more  central  vents,  at  or  near  the 
summit  of  the  cone,  before  it  was  truncated.  From  this  culminating 
point,  sheets  of  lava  flowed  down  one  after  the  other,  and  showers  of 
ashes  or  ejected  stones.  The  volcano  may,  in  the  earlier  stages  of  its 
growth,  have  been  in  great  part  submerged,  like  Stromboli,  in  the  sea;  and, 
therefore,  some  of  the  fragments  of  rocks  cast  out  of  its  crater  may  not 
only  have  been  rolled  by  torrents  sweeping  down  the  mountain's  side, 
but  have  also  been  rounded  by  the  waves  of  the  sea,  as  we  see  happen 
on  the  beach  near  Catania,  on  which  the  modern  lavas  of  Etna  are 
broken  up.  The  increased  number  of  dikes,  as  we  approach  the  axis 
of  the  cone,  agrees  well  with  the  hypothesis  of  the  eruptions  having 
been  most  frequent  towards  the  centre. 

There  are  three  known  causes  or  modes  of  operation^  whieh  may 

*  See  Prinolples,  chap.  xxiv. — xxviL 
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haye  conduced  towards  the  vast  size  of  the  Caldera.  First,  the  summit 
of  a  conical  mountain  may  have  fallen  in,  as  happened  in  the  case  of 
Capacurcu,  one  of  the  Andes,  according  to  tradition^  in  the  year  1462, 
and  of  many  other  volcanic  mountains.*  Sections  seem  wanting,  to 
supply  us  with  all  the  data  required  for  judging  fairly  of  the  tenability 
of  this  hypothesis.  It  appears,  however,  from  Captain  Vidal's  survey 
(see  fig.  4*56),  that  a  hill  of  considerable  height  rises  up  from  the  bottom 
of  the  Caldera,  the  structure  of  which,  if  it  be  any  where  laid  open, 
might  doubtless  throw  much  light  on  this  subject.  Secondly,  an  origi- 
nal crater  may  have  been  enlarged  by  a  vast  gaseous  explosion,  never 
followed  by  any  subsequent  eruption.  A  serious  objection  to  this  theory 
arises  from  our  not  finding  that  the  exterior  of  the  cone  supports  a  mass 
of  ruins,  such  as  ought  to  cover  it,  had  so  enormous  a  volume  of  matter, 
partly  made  up  of  the  solid  contents  of  the  dikes,  been  blown  out  into 
the  air.  In  that  case,  an  extensive  bed  of  angular  fragments  of  stone, 
and  of  fine  dust,  might  be  looked  for,  enveloping  the  entire  exterior  of 
the  mountain  up  to  the  very  rim  of  the  Caldera,  and  ought  nowhere  to  be 
intersected  by  a  dike.  The  absence  of  such  a  formation  has  induced 
Von  Buch  to  suppose  that  the  missing  portion  of  the  cone  was  engulphed. 
It  should,  however,  be  remembered,  that  in  existing  volcanos,  large 
craters,  two  or  three  miles  in  diameter,  are  sometimes  formed  by  explo- 
sions, or  by  the  discharge  of  great  volumes  of  steam. 

There  is  yet  another  cause  to  which  the  extraordinary  dimensions  of 
the  Caldera  may,  in  part  at  least,  be  owing ;  namely,  aqueous  denuda- 
tion. Von  Buch  has  observed,  that  the  existence  of  a  single  deep 
ravine,  like  the  Great  Barranco,  is  a  phenomenon  common  to  many 
extinct  volcanos,  as  well  as  to  some  active  ones.  Now,  it  will  be  seen 
by  Captain  VidaFs  map  (fig.  456  p.  391),  that  the  sea-cliff  at  Point 
Juan  Graje,  780  feet  high,  now  constituting  the  coast  at  the  entrance 
of  the  great  ravine,  is  continuous  with  an  inland  cliff  which  bounds  the 
same  ravine  on  its  north-western  side.  No  one  will  dispute  that  the 
precipice,  at  the  base  of  which  the  waves  are  now  beating,  owes  its 
origin  to  the  undermining  power  of  the  sea.  It  is  natural,  therefore,  to 
attribute  the  extension  of  the  same  cliff  to  the  former  action  of  the 
waves,  exerted  at  a  time  when  the  relative  level  of  the  island  and  the 
ocean  were  different  from  what  they  are  now.  But  if  the  waves  and 
tides  had  power  to  remove  the  rocks  once  filling  a  great  gorge  which  is 
7  miles  long,  and,  in  its  upper  part,  2000  feet  deep,  can  we  doubt  that 
the  same  power  may  have  cleared  out  much  of  the  solid  mass  now  miss- 
ing in  the  Great  Caldera  ? 

The  theory  advanced  to  account  for  the  configuration  of  Palma,  com- 
monly called  the  "  elevation  crater  theory,*'  is  this.  All  the  alternat- 
ing masses  of  basalt  and  conglomerate,  intersected  in  the  Barranco,  or 
abruptly  cut  off  in  the  escarpment  or  walls  of  the  Caldera,  were  at  first 
disposed  in  horizontal  masses  on  the  level  floor  of  the  ocean,  and  tra- 
versed, when  in  that  position,  by  all  the  basaltic  dikes  which  now  cut 

*  See  Principles,  chaps,  xxvi.  and  xxx. ;  8th  ed.  p.  P'97  —  475. 
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through  them.  At  length  they  were  suddenly  uplifted  by  the  explosive 
force  of  clastic  vapours,  which  raised  the  mass  bodily,  so  as  to  tilt  the 
beds  on  all  sides  away  from  the  centre  of  elevation,  causing  at  the  same 
time  an  opening  at  the  culminating  point.  Besides  many  other  objec- 
tions which  may  be  urged  against  this  hypothesis,  it  leaves  unexplained 
the  unbroken  continuity  of  the  rim  of  the  Caldera,  which  is  uninter- 
rupted in  all  places  save  one,*  namely,  that  where  the  great  gorge  or 
Barranco  (xtcurs. 

As  a  more  natural  way  of  explaining  the  phenomenon,  the  following 
scries  of  events  may  be  imagined.  The  principal  vent,  from  which  a 
large  part  of  the  materials  of  the  cone  were  poured  or  thrown  out,  was 
left  empty  after  the  last  es<»pe  of  vapour,  when  the  volcano  became 
extinct.  We  learn  from  Mr.  Dana's  valuable  work  on  the  geology  of 
the  United  States'  Exploring  Expedition,  published  in  1849,  that  two 
of  the  principal  volcanos  of  the  Sandwich  Islands,  Mounts  Loa  and  Kea 
in  Owhyhec,  are  huge  flattened  volcanic  cones,  15,000  feet  high  (see 
fig.  457),  each  equalling  two  and  a  half  Etnas  in  their  dimensions. 


Mount  Loa,  in  the  Sandwich  Islands.    (Dana.) 
a.  Crater  at  the  i>ummit.  b.  The  lateral  crater  of  Ki1an(^a. 

Tho  dotted  lines  indicate  a  supposed  column  of  polid  rock,  caused  by  the  lava  consolidating 

after  eruptions. 

From  the  summits  of  these  lofty  though  featureless  hills,  and  from 
vents  not  far  below  their  summits,  successive  streams  of  lava,  often 
2  miles  or  more  in  width,  and  sometimes  26  miles  long,  have  flowed. 
They  have  been  poured  out  one  after  the  other,  some  of  them  in  recent 
times,  in  every  direction  from  the  apex  of  the  cone,  down  slopes  vary- 
ing on  an  average  from  4  degrees  to  8  degrees ;  but  at  some  places  con- 
siderably steeper.f  Sometimes  deep  rents  open  on  the  sides  of  these 
cones,  which  are  filled  by  streams  of  lava  passing  over  them,  the  liquid 
matter  in  such  cases  probably  uniting  in  the  fissure  with  other  lava 
melted  in  subterranean  reservoirs  below,  and  thus  explaining  the  origin 
of  one  great  class  of  lateral  dikes,  on  Etna,  Palma,  and  other  cones. 

If  the  flattened  domes,  such  as  those  here  alluded  to  in  the  Sandwich 
Islands,  instead  of  being  inland,  and  above  water,  were  situated  in  mid- 
ocean,  like  the  island  of  St.  Paul,  and  for  the  most  part  submerged 
(sec  figs.  458,  459,  460),  and  if  a  gradual  upheaval  of  such  a  dome 
should  then  take  place,  the  denuding  power  of  the  sea  could  scarcely 
flail  to  play  an  important  part  in  modifying  the  fonn  of  the  volcanic 
mountain  as  it  rose.  The  crater  will  idmost  invariably  have  one  side 
much  lower  than  all  the  others,  namely,  that  side  towards  which  the 
prevailing  winds  never  blow,  and  to  which,  therefore,  showers  of  dust 
and  scoria)  are  rarely  carried  during  eruptions.     There  will  also  be  one 

•See  Principhs  of  Geol.  ch.  xxiv.        f  See  Lyell  on  Craters  of  Denudation. 
(8th  ed.  p.  355).  Quart  Geol.  Joum.  vol.  vi.  p.  282. 
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point  on  this  windward  or  lowest  side  more  depressed  than  all  the  rest, 
by  n-liii'li  the  aea  may  eater  as  often  as  the  tide  rises,  or  us  often  as  the 
wind  blows  from  that  quarter.  For  the  same  reason  that  the  sea  con- 
tinues to  keep  open  a  single  entrance  into  the  lagoon  of  an  atoll  or 
annular  coral  reef,  it  will  not  allow  this  passage  into  the  crater  to  be 
stopped  up,  but  scour  it  out  at  low  tide,  or  as  often  as  the  wind  changes. 
The  channel,  therefore,  will  always  be  deepened  in  proportion  as  the 
island  rises  above  the  level  of  the  sea,  at  the  rate  perhaps  of  a  few  feet 
or  yards  in  a  century. 

ns-iu. 
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Fig.  460. 


Side  Tiew  of  the  Island  of  St.  Paul  (X.  £.  f^ide).    Nlne>pin  rodca  two  miles  distant. 

(Captain  Blaclcwood.) 

The  island  of  St.  Paul  may  perhaps  be  motionless ;  but  if,  like  many 
other  parts  of  the  earth's  crust,  it  should  begin  to  undergo  a  gradual 
upheaval)  or  if,  as  has  happened  to  the  shores  of  the  Bay  of  Baiae,  its 
level  should  oscillate,  with  a  tendency  upon  the  whole  to  increased  ele- 
vation, the  same  power  which  has  cut  away  part  of  the  cone,  and  caused 
the  cliffs  now  seen  on  the  north-east  side  of  the  island,  would  have  power 
to  undermine  the  walls  of  the  crater,  and  enlarge  its  diameter,  keeping 
open  the  channel,  by  which  it  enters  into  it.  This  ravine  might  be 
excavated  to  the  depth  of  180  feet  (the  present  depth  of  the  crater), 
and  its  length  might  be  extended  to  many  miles,  according  to  the  size 
of  the  submerged  part  of  the  cone.  The  crater  is  only  a  mile  in  diame- 
ter, and  the  surrounding  cliffs,  where  loftiest,  only  800  feet  high,  so  that 
the  size  of  this  cone  and  crater  is  insignificant  when  compared  to  those 
in  the  Sandwich  Islands,  and  I  have  merely  selected  it  because  it  affords 
an  example  of  a  class  of  insular  volcanos,  into  the  craters  of  which  the 
sea  now  enters  by  a  single  passage.  The  crater  of  Vesuvius  in  1822 
was  2000  feet  deep ;  and  if  it  were  a  half  submerged  cone,  like  St.  Paul, 
the  excavating  power  of  the  ocean  might,  in  conjunction  with  gaseous 
explosions  and  co-operating  with  a  gradual  upheaving  force,  give  rise  to 
a  caldera  on  as  grand  a  scale  as  that  exhibited  by  Palma. 

If,  after  the  geographical  changes  above  supposed,  the  volcanic  fires 
long  dormant  should  recover  their  energy,  they  might,  as  in  the  case 
of  Teneriffe,  Vesuvius,  Santorin,  and  Barren  Island,  discharge  from  the 
old  central  vent,  long  sealed  up  at  the  bottom  of  the  caldera,  new  floods 
of  lava  and  clouds  of  elastic  vapours.  Should  this  happen,  a  new  cone 
will  be  built  up  in  the  middle  of  the  cavity  or  circular  bay,  formed, 
partly  by  explosion,  partly  perhaps  by  engulphment,  and  partly  by 
aqueous  denudation.  In  the  island  of  Palma  this  last  phase  of  volcanic 
activity  has  never  occurred ;  but  the  subterranean  heat  is  still  in  full 
operation  beneath  the  Canary  Islands,  so  that  we  know  not  what  future 
change?  it  may  be  destined  to  undergo. 
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CHAPTER  XXX. 

ON   THE  DIFFERENT  AQE8   OF   THE  YOLOANIO  ROCKS. 

Tests  of  relatiTO  ages  of  volcanio  rocks — Test  by  superposition  and  intrasion— « 
Dike  of  Quarrington  Hill,  Durham  —  Test  by  alteration  of  rocks  in  contact- 
Test  by  organic  remains — Test  of  age  by  mineral  character — Test  by  included 
fragments  —  Volcanic  rocks  of  the  Post-Pliocene  period  —  Basalt  of  Bay  of 
Trezza  in  Sicily — Post-Pliocene  volcanic  rocks  near  Naples — Dikes  of  Somma 
— Igneous  formations  of  the  Newer  Pliocene  period  —  Val  di  Noto  in  Sicily. 

Having  referred  the  sedimentary  strata  to  a  long  succession  of  geo- 
logical periods,  we  have  next  to  consider  bow  far  the  volcanic  formations 
can  be  classed  in  a  similar  chronological  order.  The  tests  of  relative 
age  in  this  class  of  rocks  arc  four  :  —  1st,  superposition  and  intrusion* 
with  or  without  alteration  of  the  rocks  in  contact ;  2d,  organic  remains ; 
3dy  mineral  character ;  4tB,  included  fragments  of  older  rocks. 

Tests  hy  superpositiorij  dec.  —  If  a  volcanic  rock  rests  upon  an  aqueous 
deposit,  the  former  must  be  the  newest  of  the  two,  but  the  like  rule  does 
not  hold  good  where  the  aqueous  formation  rests  upon  the  volcanic,  for 
melted  matter,  rising  from  below,  may  penetrate  a  sedimentary  mass 
without  reaching  the  surface,  or  may  be  forced  in  conformably  between 
two  strata,  as  &  at  D  in  the  annexed  figure  (fig.  461),  after  which  it  may 
cool  down  and  consolidate.     Superposition,  therefore,  is  not  of  the  same 

Fig.  461. 
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Talue  as  a  test  of  age  in  the  unstratified  volcanic  rocks  as  in  fossiliferous 
formations.  We  can  only  rely  implicitly  on  this  test  where  the  volcanic 
rocks  are  contemporaneous,  not  where  they  are  intrusive.  Now  they 
are  said  to  be  contemporaneous  if  produced  by  volcanic  action,  which 
was  going  on  simultaneously  with  the  deposition  of  the  strata  with  which 
they  are  associated.  Thus  in  the  section  at  d  (fig.  461),  we  may  per- 
haps ascertain  that  the  trap  b  flowed  over  the  fossiliferous  bed  c,  and 
that,  after  its  consolidation,  a  was  deposited  upon  it,  a  and  c  both  belong- 
ing to  the  same  geological  period.  But  if  the  stratum  a  be  altered  by 
h  at  the  point  of  contact,  we  must  then  conclude  the  trap  to  have  been 
intrusive,  or  if,  in  pursuing  b  for  some  distance,  we  find  at  length  that 
it  cuts  through  the  stratum  a,  and  then  overlies  it  as  at  £. 

We  may,  however,  be  easily  deceived  in  supposing  a  volcanic  rock  to 
be  intrusive,  when  in  reality  it  is  contemporaneous;  for  a  sheet  of  lava, 
as  it  spreads  over  the  bottom  of  the  sea,  cannot  rest  every  where  upon 
the  same  stratum,  either  because  these  have  been  denuded,  or  because, 
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if  newlj  throwu  down,  they  thin  out  in  certain  places,  thns  allowing  the 
luTEi  to  croae  their  edges.  Besides,  the  beaTy  igncotu  flnid  will  often, 
as  it  moTes  along,  cut  a  channel  into  beds  of  soft  mud  and  sand.  Snp- 
poge  the  Bubmannc  lava  t  to  have  come 
in  contact  In  tbu  maimer  with  the  strata 
a,  h,  c,  and  that  after  its  consolidation,  the 
strata  d,  e,  are  thrown  down  in  a  nearly 
horizontal  position,  yet  so  as  to  lie  uncom- 
fonnably  to  r,  the  appearance  of  subse- 
quent intrusion  will  here  be  complete,  al- 
Uioagh  the  trap  is  in  fact  contempon- 
neoiiEi.  We  must  not,  therefore,  hastily  infer  that  the  rock  F  is  intrusive, 
unless  wc  find  the  strata  (f  or  e  to  have  been  altered  at  their  junction, 
as  if  by  heat. 

When  trap  dikes  were  described  in  the  preceding  chapter,  they  were 
shown  to  be  more  modem  than  all  the  strata  which  they  traverse.  A 
basaltic  dike  at  (Juarrington  Hill,  near  Durham,  passes  through  coal- 
measures,  the  strata  of  which  are  inclined,  ajid  shifted  so  that  those  on 
the  north  side  of  the  dike  arc  24  feet  above  the  level  of  the  correspond- 


ing beds  on  the  south  side  (see  section,  fig.  46Ji).  But  the  horizontal 
beds  of  overlying  Red  Sandstone  and  Magnesian  Limestone  are  not  cut 
through  by  the  dike.  Now  here  the  coal-measures  were  not  only  depos- 
ited, but  had  Hubscquently  been  disturbed,  fi.'^surcd,  and  shifted,  before 
the  fluid  trap  now  forming  the  dike  was  introduced  intA  a  rent.  It  is 
also  clear  that  some  of  the  upper  edges  of  the  coal  strata,  together  with 
the  upper  part  of  the  dike,  had  been  suheequently  removed  by  denuda- 
tion  before  the  lower  New  Red  Sandstone  and  JIagncpian  Limestone 
were  superimposed.  Even  in  this  case,  however,  although  the  dale  of 
the  volcanic  eruption  h  brought  within  narrow  HmitB,  it  cannot  be  defined 
with  precision ;  it  may  have  happened  either  at  the  eloae  of  the  Carbo- 
niferous period,  or  early  in  that  of  the  Lower  New  Red  Sandstone,  or 
between  these  two  periods,  when  the  state  of  the  animate  creation  mid 
the  physical  geography  of  Europe  were  gradually  changing  from  the  type 
of  the  Carboniferous  era  to  that  of  the  Permian. 

The  test  of  age  by  superposition  is  strictly  applicable  to  all  atntified 
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YolcaDic  tuffs,  according  to  the  rules  already  explained  in  the  case  of 
other  sedimentary  deposits.     (See  p.  96.) 

Test  of  of/e  hy  organic  remains. — We  have  seen  how,  in  the  vicinity 
of  active  voleanos,  scoriae,  pumice,  fine  sand,  and  fragments  of  rocks 
are  thrown  up  into  the  air,  and  then  showered  down  upon  the  land,  or 
into  neighhouring  lakes  or  sjas.  In  the  tuffs  so  formed  shells,  corals, 
or  any  other  durable  organic  bodies  which  may  happen  to  be  strewed 
over  the  bottom  of  a  lake  or  sea  will  be  imbedded,  and  thus  continue  as 
permanent  memorials  of  the  geological  period  when  the  volcanic  eruption 
occurred.  Tufaceous  strata  thus  formed  in  the  neighbourhood  of  Vesu- 
vius, Etna,  Stromboli,  and  other  voleanos  now  active  in  islands  or  near 
the  sea,  may  give  information  of  the  relative  age  of  these  tuffs  at  some 
remote  future  period  when  the  fires  of  these  mountains  are  extinguished. 
By  such  evidence  we  can  distinctly  establish  the  coincidence  in  age  of 
volcanic  rocks,  and  the  different  primary,  secondary,  and  tertiary  fossili- 
ferous  strata  already  considered. 

The  tuffs  now  alluded  to  are  not  exclusively  marine,  but  include,  in 
some  places,  freshwater  shells ;  in  others,  the  bones  of  terrestrial  quad- 
rupeds. The  diversity  of  organic  remains  in  formations  of  this  nature 
is  perfectly  intelligible,  if  we  reflect  on  the  wide  dispersion  of  ejected 
matter  during  late  eruptions,  such  as  that  of  the  volcano  of  Coseguina, 
in  the  province  of  Nicaragua,  January  19,  1835.  Hot  cinders  and  fine 
scoriao  were  then  c^st  up  to  a  vast  height,  and  covered  the  ground  as  they 
fell  to  the  depth  of  more  than  10  feet,  and  for  a  distance  of  8  leagues 
from  the  crater  in  a  southerly  direction.  Birds,  cattle,  and  wild  ani- 
mals were  scorched  to  death  in  great  numbers,  and  buried  in  these  ashes. 
Some  volcanic  dust  fell  at  Chiapa,  upwards  of  1200  miles  to  windward 
of  the  volcano,  a  striking  proof  of  a  counter  current  in  the  upper  region 
of  the  atmosphere ;  and  some  on  Jamaica,  about  700  miles  distant  to  the 
north-cast.  In  the  sea,  also,  at  the  distance  of  1100  miles  from  the 
point  of  eruption.  Captain  Eden  of  the  Conway  sailed  40  miles  through 
floating  pumice,  among  which  were  some  pieces  of  considerable  size.* 

Test  of  age  hy  mineral  comjyosition.  —  As  sediment  of  homogeneous 
composition,  when  discharged  from  the  mouth  of  a  large  river,  is  often 
deposited  simultaneously  over  a  wide  space,  so  a  particular  kind  of  lava, 
flowing  from  a  crater  during  one  eruption,  may  spread  over  an  extensive 
area;  as  in  Iceland  in  1783,  when  the  melted  matter,  poured  from 
Skaptar  Jokul,  flowed  in  streams  in  opposite  directions,  and  caused  a 
continuous  mass,  the  extreme  points  of  which  were  00  miles  distant 
from  each  other.  This  enormous  current  of  lava  varied  in  thickness 
from  100  ft;et  to  600  feet,  and  in  breadth  from  that  of  a  narrow  river 
gorge  to  15  miles.  Now,  if  such  a  mass  should  afterwards  be  divided 
into  separate  fragments  by  denudation,  we  might  still  perhaps  identify 
the  detached  portions  by  their  similarity  in  mineral  composition.    Never- 

•  Caldcleugh,  Phil.  Trans.  1836,  p.  27,  and  Official  Documents  of  Nicaragua. 
f  See   Principles,   IndeZf    "  Skaptar  Jokul." 
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theless,  this  test  will  not  always  avail  the  geologist;  for,  although  there 
is  asually  a  prevailing  character  in  lava  emitted  daring  the  same  erup- 
tion, and  even  in  the  successive  currents  flowing  from  the  same  volcanOy 
stilly  in  many  cases,  the  different  parts  even  of  one  lava-stream,  or,  aa 
before  stated,  of  one  continuous  mass  of  trap,  vary  so  much  in  mineral 
composition  and  texture  as  to  render  the^  characters  of  minor  import- 
anoe  when  compared  to  their  value  in  the  chronology  of  the  fosailiferous 
rocks. 

It  will,  however,  be  seen  in  the  description  which  follows,  of  the 
European  trap  rocks  of  different  ages,  that  they  had  often  a  peculiar 
lithological  character,  resembling  the  differences  before  remarked  as  ex- 
isting between  the  modem  lavas  of  Vesuvius,  Etna,  and  Chili.  (See 
p.  378.) 

It  has  been  remarked  that  in  Auvergne,  the  Eifcl,  and  other  coun- 
tries where  trachyte  and  basalt  are  both  present,  the  trachytic  rocks  are 
for  the  most  part  older  than  the  basaltic.  These  rocks  do,  indeed,  some- 
times alternate  partially,  as  in  the  volcano  of  Mont  Dor,  in  Auvergne ; 
but  the  great  mass  of  trachyte  occupies  in  general  an  inferior  position, 
and  is  cut  through  and  overflowed  by  basalt.  It  can  by  no  means  be 
inferred  that  trachyte  predominated  greatly  at  one  period  of  the  earth's 
history  and  basalt  at  another,  for  we  know  that  trachytic  lavas  have  been 
formed  at  many  successive  periods,  and  arc  still  emitted  from  many  active 
craters ;  but  it  seems  that  in  each  region,  where  a  long  series  of  eruptions 
have  occurred,  the  more  felspathio  lavas  have  been  first  emitted,  and  the 
escape  of  the  more  augitic  kinds  has  followed.  The  hypothesis  sug- 
gested by  Mr.  Scrope  may,  perhaps,  afford  a  solution  of  this  problem. 
The  minerals,  he  observes,  which  abound  in  basalt  are  of  a  greater  specific 
gravity  than  those  composing  the  felspathic  lavas ;  thus,  for  example^ 
hornblende,  augite,  and  olivine  are  each  more  than  three  times  the 
weight  of  water ;  whereas  common  felspar,  albite,  and  Labrador  felspar, 
have  each  scarcely  more  than  2 J  times  the  specific  gravity  of  water; 
and  the  difference  is  increased  in  consequence  of  there  being  much  more 
iron  in  a  metallic  state  in  basalt  and  greenstone  than  in  trachyte  and 
other  felspathic  lavas  and  traps.  If,  therefore,  a  large  quantity  of  rock 
be  melted  up  in  the  bowels  of  the  earth  by  volcanic  heat,  the  denser 
ingredients  of  the  boiling  fluid  may  sink  to  the  bottom  and  the  lighter 
remaining  above  would  in  that  case  be  first  propelled  upwards  to  the 
surface  by  the  expansive  power  of  gases.  Those  materials,  therefore, 
which  occupied  the  lowest  place  in  the  subterranean  reservoir  will  always 
be  emitted  last,  and  take  the  uppermost  place  on  the  exterior  of  the 
earth's  crust. 

Test  hy  included  fragments.  —  We  may  sometimes  discover  the  rela- 
tive age  of  two  trap  rocks,  or  of  an  aqueous  deposit  and  the  trap  on 
which  it  rests,  by  finding  fragments  of  one  included  in  the  other,  in 
cases  such  as  those  before  alluded  to,  where  the  evidence  of  superposi- 
tion alone  would  be  insufficient.     It  is  also  not  uncommon  to  find  con- 
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glomentee  klmost  ezclusivclj  composed  of  rolled  pebbles  of  trap,  aaao- 
ciated  with  atratiSed  rocks  in  the  neighbourhood  of  masses  of  inlmaiTe 
tt^.  if  the  pebbles  agree  generally  in  mineral  character  with  the 
latter,  we  &re  then  enabled  'o  duttiiiujne  the  age  of  the  intrusive  rock 
b;  knowing  that  of  the  fossili>>rous  str&la  associated  with  the  conglom. 
erat«.  The  origin  of  such  conglomerates  is  eipiained  hj  observing  the 
shingle  beaches  composed  of  trap  pebbles  in  modem  volcanic  islands,  ct 
at  the  base  of  Etna. 

POtt-Pliocaie  Period  (including  the  Recent).  —  I  shall  now  seleot 
examples  of  contemporaneous  volcanic  rocks  of  soccessive  geologidJ 
periods,  to  show  that  igneous  causes  have  been  in  activity  in  all  past 
ages  of  the  world,  and  that  tbej  have  been  ever  sbifcing  the  places 
where  they  have  broken  out  at  the  earth's  surface. 

One  portion  of  the  lavas,  tufis,  and  trap-dikes  of  Etna,  VcsuviuB, 
and  the  Island  of  Ischia,  has  been  produced  within  the  historical  era; 
another,  and  a  far  more  considerable  part,  originated  at  times  immedi- 
ately antecedent,  when  the  waters  of  the  Mediterranean  were  already 
inhabited  by  the  existing  species  of  tcstacca.  The  southern  and  eastern 
flanks  of  Etna  are  skirted  by  a  fringe  of  alternating  sedimentary  and 
Tnlcanio  deposits,  of  submarine  origin,  as  at  Ademd,  Trezza,  and  other 
plaoes.  Of  sixty-five  species  of  fossil  shells  which  I  procured  in  1828 
horn  this  formation,  near  Trezza,  it  was  impossible  to  distinguish  any 
from  ^leoies  now  living  ia  the  neighbouring  sea. 

The  Gyclopian  Islands,  called  by  the  Sicilians  Dei  FaragUoni,  in  the 

sea-dife  of  which  these  beds  of  clay,  tuff,  and  associated  hva  are  laid 

<^>en  to  Tiew,  are  dtuated  in  the  Bay  of  Trezza,  and  may  he  regaideiL 

ng«*- 


as  the  extremity  of  a  promontory  severed  from  the  main  hind.  Here 
numerous  proofs  are  seen  of  submarine  eruptions,  by  which  the  argilla- 
ceous and  sandy  strata  were  invaded  and  cut  through,  and  tufitceous 
breccias  formed.  Inclosed  in  these  breccias  are  many  angular  and  har- 
■  This  viaw  of  tha  Isia  of  Cyclopa  ia  trom  aa  origioal  drawing  b;  mj  Mend- 
th«  Uta  Captain  BasU  HaU,  B.  N. 
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dened  fragmentB  of  laminated  clay  in  different  states  of  altenutioii  by 
beat,  and  intermixed  with  volcanio  lands. 

The  loftiest  of  the  Cyelopian  islcia,  or  rather  locka,  is  aboot  200  feet 
in  height,  the  sunimit  being  fanned  of  a  mass  of  stntified  clay,  the 
Umina)  of  which  are  occasionally  lubdivided  by  thin  arenaceosB  Isyera. 
Theee  ctrata  dip  to  the  N.  W.,  and  rest  on  a  m»8H  of  colnmnar  lava  (aeo 
fig.  464),  in  which  ibc  tops  of  ^e  pillan  are  weathered,  and  so  roanded 
as  to  be  often  hemispherical.  In  some  places  in  the  adjoining  and  large«l 
ialet  of  the  group,  which  lie*  to  the  north-eastward  of  that  represented 
in  the  drawing  (6g.  464),  the  overlying  clay  has  been  greatly  altered, 
and  hardened  by  the  igneous  rock,  and  occasionally  contorted  in  the 
moat  extraordinaiy  manner;  yet  the  lamination  has  not  been  oblitersled, 
but,  on  the  contrary,  rendered  much  more  conspicaous,  by  the  indurat- 
ing process. 

In  the  annexed  woodcut  (fig.  465)  I  have  represented  a  portioii  of 
the  altered  rock,  a  few  feet  square,  where  the  atlemating  thin  lanuns 
rff,ui.  of  sand  and  clay  have  put  oa 

the  appearance  which  we  ottea 
observe  in  some  of  the  most 
contorted  of  the  metMumphie 
schists. 

A  great  fissure,  running  fim 
east  to  west,  neariy  divides  this 
larger  island  into  two  {«rta,  >Dd 
lays  open  its  internal  Btonctnre. 
In  the  section  thus  exhibited,  a 
dike  of  lava  is  seen,  first  cutting 
through  ao  older  mass  of  lava, 
and  then  penetratiog  the  saftx- 
incumbent  tertiary  strata.  In 
one  place  the  lavs  ramifies  and 
terminates  in  thin  veins,  fhon  a 
few  feet  to  a  few  inches  in 
thickness.     (See  fig.  466.) 

The  arenaceous  laminse  an 
much  hardened  at  the  point  of 
contact,  and  (he  clays  are  cod- 
verted  into  silioeoos  schist  In 
this  island  the  altered  rocks  as- 
intiwiargHtortbaCrdoptu  Bume  a  honeycombed  structure 
'      **  on  their  weathered  8urfiu;e,  sin- 

,gularly  conlrastcd  with  the  smooth  and  even  outline  which  the  saroe 
beds  present  in  their  usual  soft  and  yielding  state. 

The  pores  of  the  lava  are  sometimes  coated,  or  entirely  filled  with 
sarbonate  of  lime,  and  with  a  xeoiile  resembling  analcime,  which  has 
been  called  cyclopite.  The  latter  mineral  has  also  been  found  in  nnall 
(fiasnreB  ttavemng  tbe  altered  marl,  showing  that  the  sum  cmim  wIhoIi 
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intittdaoed  the  miacrals  into  the  cavities  of  the  lava,  whether  we  Bup- 
poBC  sublimation  or  aqueonB  inflltratina,  coDveycd  it  also  into  the  open 
xent»  of  the  contiguous  sedimentary  strata. 

FiM-Pliocene  furmaliuns  near  Naples. — I  have  tr»ced  IB  the  "Prin- 
ciples of  Geology"  the  history  of  the  changes  which  the  volcanic  re^on ' 
t^  Campania  is  known  to  have  undergone  during  the  last  2000  years. 
The  aggregate  effect  of  igneous  operations  during  Ihat  period  is  fw 
from  inaigniCcanl,  eomprising  aa  it  does  the  formation  of  the  modem 
cone  of  Vesuvius  since  the  year  70,  and  the  production  of  several  minor 
cones  in  Ischia,  togctlier  with  that  of  Monte  Nuovo  in  the  year  1538. 
Lava-currcnta  have  also  flowed  upon  the  land  and  along  the  bottom  of 
the  Bea  —  volcanic  sand,  pumice,  and  scoriie  have  been  showered  down 
BO  abundantly,  that  whole  cities  were  buried  —  tracts  of  the  sea  have 
been  filled  up  or  converted  into  shoals  —  and  tufaceons  sediment  has 
been  transported  by  rivers  and  limd-floods  to  the  sea.  There  are  also 
[ffoofs,  during  the  same  recent  period,  of  a  permanent  alteration  of  the 
lelative  levels  of  the  land  and  sea  in  several  places,  and  of  the  same 
tract  having,  near  Puzzuoli,  been  alternately  upheaved  and  depressed  to 
the  amount  of  more  than  20  feet.  In  connection  with  these  convul- 
tdoas,  there  are  found,  on  the  shores  of  the  Itay  of  Bai»,  recent  tufa^ 
ceouB  strata,  filled  with  articles  fabricated  by  the  hands  of  man,  and 
mingled  with  marine  shells. 

It  was  also  stated  in  this  work  (p.  113),  that  when  we  examine  this 
same  region,  it  is  found  to  consist  largely  of  tufaceous  strata,  of  a  date 
anterior  to  human  history  or  tradition,  which  are  of  such  thickness  as 
to  constitute  hills  from  600  to  more  than  2000  feet  in  height-  These 
post-pliocene  strata,  containing  recent  marine  shells,  alternate  with  dis- 
tiDot  currents  and  sheets  of  kva  which  were  of  contemporaneous  oiipn ; 
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and  we  find  that  in  Vesuvius  itself,  the  ancient  cone  called  Somma  is  of 
far  greater  volume  than  the  modem  cone,  and  is  intersected  by  a  £u 
greater  number  of  dikes.  In  contrasting  this  ancient  part  of  the  moun- 
tain with  that  of  modem  date,  one  principal  point  of  difference  is  ob- 
served ;  namely,  the  greater  frequency  in  the  older  cone  of  fragments 
of  altered  sedimentary  rocks  ejected  during  eruptions.  We  may  easily 
conceive  that  the  first  explosions  would  act  with  the  greatest  violence, 
rending  and  shattering  whatever  solid  masses  obstructed  the  escape  of 
lava  and  the  accompanying  gases,  so  that  great  heaps  of  ejected  pieces 
of  rock  would  naturally  occur  in  the  tufaceous  breccias  formed  by  the 
earliest  eruptions.  But  when  a  passage  had  once  been  opened,  and  an 
habitual  vent  established,  the  materials  thrown  out  would  consist  of 
liquid  lava,  which  would  take  the  form  of  sand  and  sconas,  or  of  angu- 
lar fragments  of  such  solid  lavas  as  may  have  choked  up  the  vent. 

Among  the  fragments  which  abound  in  the  tufaceous  breccias  of 
Somma,  none  are  more  common  than  a  saccharoid  dolomite,  supposed 
to  have  been  derived  from  an  ordinary  limestone  altered  by  heat  and 
volcanic  vapours. 

Carbonate  of  lime  enters  into  the  composition  of  so  many  of  the 
simple  minerals  found  in  Somma,  that  M.  Mitscherlich,  with  much  pro- 
bability, ascribes  their  great  variety  to  the  action  of  the  yolcanic  heat 
on  subjacent  masses  of  limestone. 

Dikes  of  Somma.  —  The  dikes  seen  in  the  great  escarpment  which 
Somma  presents  towards  the  modem  cone  of  Vesuvius  are  very  nimie- 
rous.  They  are  for  the  most  part  vertical,  and  traverse  at  right  angles 
the  beds  of  lava,  scoriae,  volcanic  breccia,  and  sand,  of  which  the  ancient 
oone  is  composed.  They  project  in  relief  several  inches,  or  someUmes 
feet,  from  the  face  of  the  cliff,  being  extremely  compact,  and  less  de- 
structible than  the  intersected  tuffs  and  porous  lavas.  In  vertical  extent 
they  vary  from  a  few  yards  to  500  feet,  and  in  breadth  from  1  to  12  feet 
Many  of  them  cut  all  the  inclined  beds  in  the  escarpment  of  Somma 
from  top  to  bottom,  others  stop  short  before  they  ascend  above  half  way, 
and  a  few  terminate  at  both  ends,  either  in  a  point  or  abruptly.  In 
mineral  composition  they  scarcely  differ  from  the  lavas  of  Somma,  the 
rock  consisting  of  a  base  of  leucite  and  augite,  through  which  large 
crystals  of  augite  and  some  of  leucite  are  scattered.'^  Examples  are  not 
rare  of  one  dike  cutting  through  another,  and  in  one  instance  a  shift  or 
fault  is  seen  at  the  point  of  intersection. 

In  some  cases,  however,  the  rents  seem  to  have  been  filled  laterally, 
when  the  walls  of  the  crater  had  been  broken  by  star-shaped  cracks,  as 
seen  in  the  accompanying  wood-cut  (fig.  467).  But  the  shape  of  these 
rents  is  an  exception  to  the  general  rule ;  for  nothing  is  more  remarka- 
ble than  the  usual  parallelism  of  the  opposite  sides  of  the  dikes,  whidi 
correspond  almost  as  regularly  as  the  two  opposite  faces  of  a  wall  of 

•  CoDBult  the  valuable  memoir  of  M.  L.  A.  Necker,  M^m.  de  la  Soe.  da  Pbya 
et  d'Hist  Nat  de  CMn^ve,  torn.  IL  part  i.    Nov.  1822. 
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Dikef  or  Teiui  at  the  Punio  dd  NMone  on  Bomma.    (Neeker.*) 

masonry.  This  character  appears  at  first  the  more  inexplicable,  when 
we  consider  how  jagged  and  uneven  are  the  rents  caused  by  earthquakes 
Id  masses  of  heterogeneous  composition,  like  those  composing  the  cone 
of  Somma.  In  explanation  of  this  phenomenon,  M.  Necker  refers  ns 
to  Sir  W.  Hamilton's  account  of  an  eruption  of  Vesuvius  in  the  year 
1779,  who  records  the  following  facts :  —  "  The  lavas,  when  they  either 
boiled  over  the  crater,  or  broke  out  from  the  conical  parts  of  the  volcano, 
constantly  formed  channels  as  regular  as  if  they  had  been  cut  by  art 
down  the  steep  part  of  the  mountain ;  and,  whilst  in  a  state  of  perfect 
fusion,  continued  their  course  in  those  channels,  which  were  sometimes 
fall  to  the  brim,  and  at  other  times  more  or  less  so,  according  to  the 

quantity  of  matter  in  motion. 

^'  These  channels,  upon  examination  after  an  eruption,  I  have  found 
to  be  in  general  from  two  to  five  or  six  feet  wide,  and  seven  or  eight 
feet  deep.  They  were  often  hid  from  the  sight  by  a  quantity  of  scoriso 
that  had  formed  a  crust  over  them ;  and  the  lava,  having  been  conveyed 
in  a  covered  way  for  some  yards,  came  out  fresh  again  into  an  open  chan* 
nel.  After  an  eruption,  I  have  walked  in  some  of  these  subterraneous 
or  covered  galleries,  which  were  exc^dingly  curious,  the  sides,  top,  and 
bottom  betnf/  worn  perfectly  smooth  and  even  in  most  parts,  by  the  vio- 
lence of  the  currents  of  the  red-hot  lavas  which  they  had  conveyed  for 
many  weeks  successively,  "f 

Now,  the  walls  of  a  vertical  fissure,  through  which  lava  has  ascended 
in  its  way  to  a  volcanic  vent,  must  have  been  exposed  to  the  same  ero- 
sion as  the  sides  of  the  channels  before  adverted  to.  The  prolonged  and 
uniform  friction  of  the  heavy  fluid,  as  it  is  forced  and  made  to  flow  up- 
wards, cannot  fail  to  wear  and  smooth  down  the  surfaces  on  which  it 
mbs,  and  the  intense  heat  must  melt  all  such  masses  as  project  and 
tbstruct  the  passage  of  the  incandescent  fluid. 

*  From  a  drawing  of  M.  Necker,  in  M^m.  above  cited, 
t  PhiL  Trans.,  vol.  Ixx.,  1780. 
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The  texture  of  the  Yesuvian  dikes  is  different  at  the  edges  and  in  the 
middle.  Towards  the  centre,  observes  M.  Necker,  the  rock  is  larger 
grained,  the  component  elements  being  in  a  far  more  crystalline  state ; 
while  at  the  edge  the  lava  is  somewhat  vitreous,  and  always  finer  gnuned. 
A  thin  parting  band,  approaching  in  its  character  to  pitchstone,  occasion- 
ally interA'cnes,  on  the  contact  of  the  vertical  dike  and  intersected  beds. 
M.  Necker  mentions  one  of  these  at  the  place  called  Primo  Monte,  in 
the  A  trio  del  Cavallo;  and  when  on  Somma,  in  1828,  I  saw  three  or 
four  others  in  different  parts  of  the  great  escarpment.  These  phenomena 
are  in  perfect  harmony  with  the  results  of  the  experiments  of  Sir  James 
Hall  and  Mr.  Gregory  Watt,  which  have  shown  that  a  glassy  texture  is 
the  effect  of  sudden  cooling,  and  that,  on  the  contrary,  a  crystalline  grain 
is  produced  where  fused  minerals  are  allowed  to  consolidate  slowly  and 
tranquilly  under  high  pressure. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissure  would, 
during  consolidation,  part  with  its  heat  more  slowly  than  the  sides, 
although  the  contrast  of  circumstances  would  not  be  so  great  as  when 
we  compare  the  lava  at  the  bottom  and  at  the  surface  of  a  current  flow- 
ing in  the  open  air.  In  this  case  the  uppermost  part,  where  it  has  been 
in  contact  with  the  atmosphere,  and  where  refrigeration  has  been  most 
rapid,  is  always  found  to  consist  of  scoriform,  vitreous,  and  porous  lava } 
while  at  a  greater  depth  the  mass  assumes  a  more  lithoidal  structurey 
and  then  becomes  more  and  more  stony  as  we  descend,  until  at  lengUi 
we  are  able  to  recognize  with  a  magnifying  glass  the  simple  minerals  of 
which  the  rock  is  composed.  On  penetrating  still  deeper,  we  can  detect 
the  constituent  parts  by  the  naked  eye,  and  in  the  Yesuvian  currents 
distinct  crystals  of  augite  and  Icucite  become  apparent. 

The  same  phenomenon,  observes  M.  Necker,  may  readily  be  exhibited 
on  a  smaller  scale,  if  we  detach  a  piece  of  liquid  lava  from  a  moving 
current.  The  fragment  cools  instantly,  and  we  find  the  surface  covered 
with  a  vitreous  coat ;  while  the  interior,  although  extremely  fine-grained, 
has  a  more  stony  appearance. 

It  must,  however,  be  observed,  that  although  the  lateral  portions  of 
the  dikes  are  finer  grained  than  the  central,  yet  the  vitreous  parting 
layer  before  alluded  to  is  rare  in  Yesuvius.  This  may,  however,  be 
accounted  for,  as  the  above-mentioned  author  suggests,  by  the  great  heat 
which  the  walls  of  a  fissure  may  acquire  before  the  fluid 'mass  begins  to 
consolidate,  in  which  case  the  lava,  even  at  the  sides,  would  cool  very 
slowly.  Some  fissures,  also,  may  be  filled  from  above,  as  frequently 
happens  in  the  volcanos  of  the  Sandwich  Islands,  according  to  the  obser- 
vations of  Mr.  Dana;  and  in  this  case  the  refrigeration  at  the  sides 
would  be  more  rapid  than  when  the  melted  matter  flowed  upwards  from 
the  volcanic  foci,  in  an  intensely  heated  state.  Mr.  Darwin  informs  me 
that  in  St.  Helena  almost  every  dike  has  a  vitreous  selvage. 

The  rock  composing  the  dikes  both  in  the  modem  and  ancient  part  of 
Yesuvius  is  far  more  compact  than  that  of  ordinary  lava,  for  the  pres- 
sure of  a  column  of  melted  matter  in  a  fissure  greatly  exceeds  that  in 
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an  ordinary  stream  of  lava ;  and  pressure  checks  the  expansion  of  those 
gases  which  give  rise  to  yesicles  in  lava. 

There  is  a  tendency  in  almost  all  the  Yesuvian  dikes  to  divide  into 
horizontal  prisms,  a  phenomenon  in  accordance  with  the  formation  of 
vertical  columns  in  horizontal  heds  of  lava;  for  in  both  cases  the  divi- 
sions which  give  rise  to  the  prismatic  structure  are  at  right  angles  to  the 
oooling  surfaces. 

Newer  Pliocene  Period —  Val  di  Noto,  —  I  have  already  alluded  (see 
p.  150)  to  the  igneous  rocks  which  are  associated  with  a  great  marine 
formation  of  limestone,  sand,  and  marl,  in  the  southern  part  of  Sicily, 
as  at  Vizzini  and  other  places.  In  this  formation,  which  was  shown  to 
belong  to  the  Newer  Pliocene  period,  large  beds  of  oysters  and  corals 
repose  upon  lava,  and  are  unaltered  at  the  point  of  contact.  In  other 
places  we  find  dikes  of  igneous  rock  intersecting  the  fossiliferous  beds, 
and  converting  the  clays  into  siliceous  schist,  the  laminad  being  contorted 
and  shivered  into  innumerable  fragments  at  the  junction,  as  near  the 
town  of  Vizzini. 

The  volcanic  formations  of  the  Val  di  Noto  usually  consist  of  the 
most  ordinary  variety  of  basalt,  with  or  without  olivine.  The  rock  is 
sometimes  compact,  often  very  vesicular.  The  vesicles  are  occasionally 
empty,  both  in  dikes  and  currents,  and  are  in  some  localities  filled  with 
calcareous  spar,  arragonite,  and  zeolites.  The  structure  is,  in  some 
places,  spheroidal ;  in  others,  though  rarely,  columnar.  I  found  dikes 
of  amygdaloid,  wack^,  and  prismatic  basalt,  intersecting  the  limestone 
at  the  bottom  of  the  hollow  called  Gozzo  degli  Martiri,  below  Melilli. 

Dikes.  —  Dikes  of  vesicular  and  amygdaloidal  lava  are  also  seen  tra- 
Fersing  marine  tuff  or  peperino,  west  of  Palagonia,  some  of  the  pores 
of  the  lava  being  empty,  while  others  are  filled  with  carbonate  of  lime. 


Fig.  468. 
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Ground-plan  of  dikes  near  Palagonia. 
a.  Lara. 

h.  Peperino,  consisting  of  volcanic  sand,  mixed  irith 
firagments  of  lara  and  limestone. 

In  such  cases,  we  may  suppose  the  peperino  to  have  resulted  from 
showers  of  volcanic  sand  and  scoriae,  together  with  fragments  of  lime- 
stone, thrown  out  by  a  submarine  explosion,  similar  to  that  which  gave 
rise  to  Graham  Island  in  1831.  When  the  mass  was,  to  a  certain 
degree,  consolidated,  it  may  have  been  rent  open,  so  that  the  lava 
ascended  through  fissures,  the  walls  of  which  were  perfectly  even  and 
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parallel.  After  the  melted  matter  that  fiUed  the  rent  in  fig.  468  had 
cooled  down,  it  must  have  been  fractured  and  shifted  horixontallj  by  a 
lateral  movement. 

In  the  second  figure  (fig.  469),  the  laya  has  more  the  appearance  of  a 
rein  which  forced  its  way  through  the  peperino.  It  is  highly  probable 
that  similar  appearances  would  be  seen,  if  we  could  examine  the  floor 
of  the  sea  in  that  part  of  the  Mediterranean  where  the  waves  have 
recently  washed  away  the  new  volcanic  island ;  for  when  a  superincum- 
bent mass  of  ejected  fragments  has  been  removed  by  denudation,  we 
may  expect  to  see  sections  of  dikes  traversing  tuff,  or  in  other  words, 
sections  of  the  channels  of  communication  by  which  the  subterranean 
lavas  reached  the  sur&ce. 


CHAPTER  XXXI. 

ON  THE  DIFFERENT  AGES  OF  THE  VOLCANIC  ROCKS — continued. 

Voloaoio  rooks  of  the  Older  Pliocene  period — Toscany — Rome — Yolcanio  region 
of  Olot  in  Catalonia — Cones  and  laya-cnrrents — Rarines  and  ancient  gravel- 
beds — Jets  of  air  called  Bufadors — Age  of  the  Catalonian  Tolcanos — Miocene 
period  —  Brown  coal  of  the  Eifel  and  contemporaneous  trachytic  breccias — 
Age  of  the  brown-coal — Peculiar  characters  of  the  yolcanos  of  the  upper  and 
lower  Eifel —  Lake  craters — Trass  —  Hungarian  volcanos. 

Older  Pliocene  Period — Tvscany. — In  Tuscany,  as  at  Kadico£mi, 
Yiterbo,  and  Aquapendente,  and  in  the  Campagna  di  Roma,  submarine 
volcanic  tuffs  are  interstratified  with  the  Older  Pliocene  strata  of  the 
Subappenniue  hills,  in  such  a  manner  as  to  leave  no  doubt  that  they 
were  the  products  of  eruptions  which  occurred  when  the  shelly  marls 
and  sands  of  the  Subappenhie  hills  were  in  the  course  of  deposition. 

Ciitalonia.  —  Geologists  are  far  from  being  able,  as  yet,  to  assign  to 
each  of  the  volcanic  groups  scattered  over  Europe  a  precise  chronolo- 
gical place  in  the  tertiary  series ;  but  I  shall  describe  here,  as  probably 
referable  to  some  part  of  the  Pliocene  period,  a  district  of  extinct  vol- 
canos  near  Olot,  in  the  north  of  Spain,  which  is  little  known,  and  which  ^ 
I  visited  in  the  summer  of  1830. 

The  whole  extent  of  country  occupied  by  volcanic  products  in  Cata- 
lonia is  not  more  than  fifteen  geographical  miles  from  north  to  south, 
and  about  six  from  east  to  west.  The  vents  of  eruption  range  entirely 
within  a  narrow  band  running  north  and  south ;  and  the  branches,  which 
are  represented  as  extending  eastward  in  the  map,  are  formed  simply  of 
two  lavarstreams — those  of  Oastell  FoUit  and  Gellent 
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Dr.  MacClure,  the  American  geologistj  wait  the  first  who  made  known 
the  existence  of  these  TolcaooB  ;*  and,  according  to  hia  deecription,  the 
Tolcanic  region  extended  over  twenty  square  leagues,  from  Amer  to 
Massanet.  I  searched  in  vain  in  the  environs  of  Massanet,  in  the  Pyre- 
nees, for  traces  of  a  lava-current;  and  I  can  say,  with  confidence,  that 
the  adjoining  map  gives  a  correct  view  of  the  true  area  of  the  Tolcanic 
action. 

Geological  ilrueture  of  the  dUtriet. — The  emptions  have  hnret 
entirely  throogh  foseiliferous  rocks,  composed  in  great  part  of  grey  and 
greenish  sandstone  and  conglomerate,  with  some  thick  beds  of  nnnimn< 
lidc  limestone.  The  conglomerate  contains  pebbles  of  qnarti,  limestone, 
and  Lydian  stone.  This  system  of  rocks  is  very  extenBiTely  spread 
thronghont  Catalonia;  one  of  its  members  being  a  red  sandstone,  to 
which  the  celebrated  salt-rock  of  Cardona,  usually  considered  as  one  of 
the  cretaceous  era,  is  subordinate. 

Near  Amer,  in  the  Valley  of  the  Ter,  on  the  southern  borders  of  the 
region  delineated  in  the  map,  primary  rocks  are  seen,  consisting  of  gneiss, 
mica-schist,  and  clay-slate.  They  run  in  a  line  nearly  parallel  to  the 
Pyrenees,  and  throw  off  the  fossiliferous  strata  from  their  flanks,  gkus- 
ing  them  to  dip  to  the  north  and  north-west.  This  dip,  which  is  towards 
led  by  Daab«DT,  De 
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the  Pyreneefl,  is  connected  with  a  distinot  axu  of  elevadoD,  uid  pre 
vmils  through  the  whole  area  described  in  the  map,  the  iDcUnation  at 
the  beds  being  aomctimes  at  an  an^  of  between  40  and  50  d^reea. 

It  is  cndcnt  that  the  phjraical  geography  of  the  cotintry  has  vaAa- 
gone  no  material  change  since  the  commencement  of  the  era  of  the 
Tolcanic  eruptions,  except  such  as  has  resulted  from  the  introduction  of 
new  hilU  of  scoriB),  and  currcute  of  lara  upon  the  sorface.  If  the  Ietm 
could  be  rcmclted  and  poured  out  again  from  their  reapectire  craters, 
they  would  ilescend  the  same  vallejg  in  which  they  are  now  seen,  and 
re-occupy  the  iipoccs  which  they  at  present  fill.  The  only  difference  in 
the  external  coufiguntioa  of  the  freih  lavas  would  consist  in  this,  diat 
they  would  nowhere  be  intersected  by  rarineB,  or  exhibit  marks  of  ero- 
Mon  by  running  water. 

tVcdttiV  conn  and  lavat.  — There  are  about  foorteen  distinct  cchks 
with  crators  in  this  part  of  Spain,  besides  tevenJ  points  whence  lam 
may  have  issued;  all  of  ihcm  arranged  along  a  narrow  line  ranuing 
north  and  south,  as  will  be  seen  in  the  mnp.  The  greatest  nnmber  of 
perfect  cones  arc  in  the  immediate  neighbourhood  of  Olot,  some  of  which 
(Nos.  2,  3,  and  5)  are  represented  in  the  annexed  woodcut;  and  the 
loTcl  plain  on  which  that  town  stands  has  clearly  been  produced  by  the 
flowing  down  of  many  lava-streaniB  from  those  bills  into  the  bottom  of 
a  volley,  probably  once  of  considerable  depth,  like  those  of  the  anrroond- 
ing  countfy. 

ng.  471. 


Olot  la  Cat4loiilk. 


In  this  drawing  an  attempt  is  made  to  represent,  by  the  shading  of 

the  landscape,  the  different  geological  formations  of  which  the  coontiy 

is  composed.*     The  white  lino  of  mountains  (No.  1)  in  the  distance  is 

*  This  Tiew  is  taken  from  a  sketch  which  1  made  en  the  spot  in  1880. 
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the  Pyrenees^  which  are  to  the  north  of  the  spectator,  and  consbt  of  hj- 
pogene  and  ancient  fossiliferous  rocks.  In  front  of  these  are  the  fossili- 
feroos  formations  (No.  4)  which  are  in  shade.  The  hills  2,  3,  5  are 
volcanic  cones,  and  the  rest  of  the  groand  on  which  the  sunshine 
£alls  is  strewed  over  with  volcanic  ashes  and  lava. 

The  Flavia,  which  flows  near  the  town  of  Olot,  has  cut  to  the  depth 
of  only  40  feet  through  the  lavas  of  the  plain  before  mentioned.  The 
bed  of  the  river  is  hard  basalt ;  and  at  the  bridge  of  Santa  Madalena 
axe  seen  two  distinct  lava-currents,  one  above  the  other,  separated  by  a 
horizontal  bed  of  scoriso  8  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  even  surface  of  the  plain  is 
broken  by  a  mound  of  lava,  called  the  "  Bosque  de  Tosca,"  the  upper 
part  of  which  is  scoriaceous,  and  covered  with  enormous  heaps  of  frag- 
ments of  basalt,  more  or  less  porous.  Between  the  numerous  hummocks 
thus  formed  are  deep  cavities,  having  the  appearance  of  small  craters. 
The  whole  precisely  resembles  some  of  the  modem  currents  of  Etna,  op 
that  of  Come,  near  Clermont;  the  last  of  which,  like  the  Bosque  de 
Tosca,  supports  only  a  scanty  vegetation. 

Most  of  the  Catalonian  volcanos  are  as  entire  as  those  in  the  neigh- 
bourhood of  Naples,  or  on  the  flanks  of  Etna.  One  of  these,  called 
Montsacopa  (No.  3,  fig.  471),  is  of  a  very  regular  form,  and  has  a  cir- 
cular depression  or  crater  at  the  summit.  It  is  chiefly  made  up  of  red 
scoriae,  undistinguishable  from  that  of  the  minor  cones  of  Etna.  The 
neighbouring  hills  of  Olivet  (No.  2)  and  Garrinada  (No.  5)  are  of  simi- 
lar composition  and  shape.  The  largest  crater  of  the  whole  district 
occurs  farther  to  the  east  of  Olot,  and  is  called  Santa  Margarita.  It  is 
455  feet  deep,  and  about  a  mile  in  circumference.  Like  Astroni,  near 
Naples,  it  is  richly  covered  with  wood,  wherein  game  of  various  kinds 
abounds. 

Although  the  volcanos  of  Catalonia  have  broken  out  through  sand- 
stone, shale,  and  limestone,  as  have  those  of  the  Eifel,  in  Germany,  to 
be  described  in  the  sequel,  there  is  a  remarkable  diffierence  in  the  nature 
of  the  ejections  composing  the  cones  in  these  two  regions.  In  the  Eifel, 
the  quantity  of  pieces  of  sandstone  and  shale  thrown  out  from  the  vents 
is  often  so  immense  as  far  to  exceed  in  volume  the  scoriso,  pumice,  and 
lava ;  but  I  sought  in  vain  in  the  cones  near  Olot  for  a  single  fragment 
of  any  extraneous  rock ;  and  Don  Francisco  Bolos,  an  eminet  botanist 
of  Olot,  informed  me  that  he  had  never  been  able  to  detect  any.  Vol- 
canic sand  and  ashes  are  not  confined 
to  the  cones,  but  have  been  some- 
times scattered  by  the  wind  over  the 
countrv,  and  drifted  into  narrow  val- 
leys,  as  is  seen  between  Olot  and 
Cellent,  where  the  annexed  section 
(fig.  472)  is  exposed.  The  light 
a,  Seoondaryoongiomerate.  ciudery  volcanic  matter  rcsts  in  thin 

9.  Thin  seamf  of  yolcanic  sand  and  sooriie.  '  .  •       i  •    i       i 

regular  layers,  just  as  it  alighted  on 


Fig.  472. 
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the  slope  formed  bj  the  solid  conglomente.  No  flood  oonld  have  passed 
through  the  yallej  since  the  scorise  fell,  or  these  would  have  been  fat 
the  most  part  removed. 

The  currents  of  lava  in  Catalonia,  like  those  of  Auvergne,  the  WiBf 
rais,  Iceland,  and  all  mountainous  countries,  are  of  oonsiderable  depth  m 
narrow  defiles,  but  spread  out  into  comparatively  thin  sheets  in  places 
where  the  valleys  widen.  If  a  river  has  flowed  on  nearly  level  ground^ 
as  in  the  great  plain  near  Olot,  the  water  has  only  excavated  a  channel 
of  slight  depth  ;  but  where  the  declivity  is  great,  the  stream  has  cut  a 
deep  section,  sometimes  by  penetrating  direcUy  through  the  central  part 
of  a  lava-current,  but  more  frequently  by  passing  between  the  lava  and 
the  secondary  rock  which  bounds  the  valley.  Thus,  in  the  accompany- 
ing section,  at  the  bridge  of  Cellent,  six  miles  east  of  Olot,  we  see  the 
lava  on  one  side  of  the  small  stream ;  while  the  inclined  stratified  rocks  con- 
stitnte  the  channel  and  opposite  bank.  The  upper  part  of  the  lava  at  that 
place,  as  is  usual  in  the  currents  of  Etna  and  Vesuvius,  is  soonaoeous ;  €u% 
ther  down  it  becomes  less  porous,  and  assumes  a  spheroidal  structure; 
still  lower  it  divides  in  horizontal  plates,  each  about  2  inches  in  thickness, 
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Section  abore  the  bridge  of  Cellent 


a.  Scoriaoeoni  lara. 
».  SchintoM  bMAlt 
e.  Columnar  basalt 


^.  Soorije,  reitetable  toll,  and  aUaTivm. 
f.  Nummulltie  limestone. 
/,  Micaceous  grey  sandstone. 


and  is  more  compact.  Lastly,  at  the  bottom  is  a  mass  of  prismatic  basalt 
about  five  feet  thick.  The  vertical  columns  often  rest  immediately  on 
the  subjacent  secondary  rocks ;  but  there  is  sometimes  an  intervention 
of  such  sand  and  scoriae  as  cover  the  country  during  volcanic  eruptions, 
and  which  when  unprotected,  as  here,  by  superincumbent  lava,  is  washed 
away  from  the  surface  of  the  land.  Sometimes,  the  bed  d  contains  a 
few  pebbles  and  angular  fragments  of  rock ;  in  other  places  fine  earth, 
which  may  have  constituted  an  ancient  vegetable  soil. 

In  several  localities,  beds  of  sand  and  ashes  arc  interposed  between 
the  lava  and  subjacent  stratified  rock,  as  may  be  seen  if  we  follow  the 
course  of  the  lava-current  which  descends  from  Las  Planas  towards 
Amer,  and  stops  two  miles  short  of  that  town.  The  river  there  has 
often  cut  through  the  lava,  and  through  18  feet  of  underlying  limestone. 


Ca.XXXL] 


TOLCABOS  07   CATALONIA. 


418 


OonsionoJlj  an  ftlluTium,  several  feet  thick,  ia  intersperaed  between  tlM 
igneous  and  marine  formation ;  and  it  ia  interesting  to  remark  that  in 
this,  as  in  other  beds  of  pebbles  ocenpying  a  similar  position,  there  are 
no  rounded  fragments  of  lava ;  whereas  in  the  most  modern  gravel-beds 
of  rivere  of  this  oountrj,  yolcanio  pebbles  are  abundant 

The  deepest  excavation  made  by  a  river  through  lava,  whiah  I  ob- 
served in  this  part  of  Spain,  is  that  seen  in  the  bottom  of  a  valley  near 
San  Feliu  de  Pallertfls,  opposite  the  Castell  dc  StoUes.  The  lava  there 
has  filled  up  the  bottom  of  a  valley,  and  a  narrow  ravine  has  been  cat 
through  it  to  the  depth  of  100  feet.  In  the  lower  part  the  lava  has  a 
oolomnar  stmcturc.  A  great  number  of  ages  were  probably  required 
for  the  erosion  of  so  deep  a  ravine ;  but  we  have  no  reason  to  infer  that 
this  current  ia  of  higher  antiquity  than  those  of  the  plain  near  Olot 
The  fall  of  the  ground,  aud  couseqaent  velocity  of  the  stream,  being  in 
this  case  greater,  a  more  considerable  volume  of  rock  may  have  been 
removed  ia  the  same  time. 


ng.«7i. 


I  shall  describe  one  more  section  to  elucidate  the  phenomena  of  this 
district.  A  lava  stream,  flowing  from  a  ridge  of  hills  on  the  east  of 
Olot,  descends  a  considerable  slope,  antil  it  reaches  the  valley  of  the 
river  Fluvia.  Here,  for  the  first  time,  it  comes  in  contact  with  running 
water,  which  has  removed  a  portion,  and  laid  open  its  internal  structure 
in  a  precipice  about  130  feet  in  height,  at  the  edge  of  which  stands  the 
town  of  Castell  FoUit. 

By  the  junction  of  the  rivers  Fluvia  and  Teronel  the  mass  of  lava  has 
been  cut  away  on  two  sides;  and  the  insular  rock  b  (fig.  Hi)  has  been 
left,  which  was  probably  never  so  high  as  the  cliff  A,  as  it  may  have  con- 
stituted the  lower  part  of  the  sloping  aide  of  the  original  current. 

Prom  an  examination  of  the  vertical  cliffs,  it  appears  that  the  upper 
part  of  the  lava  on  which  the  town  is  built  is  scoriaceoua,  passing  down- 


414  PLIOCENE  VOLOAKOS.  [Ch.  XXXt 

wards  into  a  spheroidal  basalt ;  some  of  the  huge  spheroids  being  no  less 
than  6  feet  in  diameter.  Below  this  is  a  more  compact  basalt,  with  crys- 
tals of  olivine.  There  are  in  all  five  distinct  ranges  of  basalt,  the  upper- 
most spheroidal,  and  the  rest  prismatic,  separated  by  thinner  beds  not 
columnar,  and  some  of  which  are  schistose.  These  were  probably  formed 
by  successive  flows  of  lava,  whether  during  the  same  eruption  or  at  dif- 
ferent  periods.  The  whole  mass  rests  on  alluvium,  ten  or  twelve  feet 
in  thickness,  composed  of  pebbles  of  limestone  and  quartz,  but  without 
any  intermixture  of  igneous  rocks;  in  which  circumstance  alone  it 
appears  to  differ  from  the  modem  gravel  of  the  Fluvia. 

Bufadors.  —  The  volcanic  rocks  near  Olot  have  often  a  cavernous 
structure,  like  some  of  the  lavas  of  Etna ;  and  in  many  parts  of  the  hill 
of  Batet,  in  the  environs  of  the  town,  the  sound  returned  by  the  earth, 
when  struck,  is  like  that  of  an  archway.  At  the  base  of  the  same  hill 
are  the  mouths  of  several  subterranean  caverns,  about  twelve  in  number, 
which  are  called  in  the  country  "  bufadors,"  from  which  a  current  of 
cold  air  issues  during  summer,  but  which  in  winter  is  said  to  be  scarcely 
perceptible.  I  visited  one  of  these  bufadors  in  the  beginning  of  August, 
1830,  when  the  heat  of  the  season  was  unusually  intense,  and  found  a 
cold  wind  blowing  from  it,  which  may  easily  be  explained ;  for  as  the 
external  air,  when  rarefied  by  heat,  ascends,  the  pressure  of  the  odder 
and  heavier  air  of  the  caverns  in  the  interior  of  the  mountain  causes  it 
to  rush  out  to  supply  its  place. 

In  regard  to  the  age  of  these  Spanish  volcanos,  attempts  have  been 
made  to  prove,  that  in  this  country,  as  well  as  in  Auvergne  and  the 
Eifel,  the  earliest  inhabitants  were  eye-witnesses  to  the  volcanic  action. 
In  the  year  1421,  it  is  said,  when  Olot  was  destroyed  by  an  earthquake, 
an  eruption  broke  out  near  Amer,  and  consumed  the  town.  The  re- 
searches of  Don  Francisco  Bolos  have,  I  think,  shown,  in  the  most 
satisfactory  manner,  that  there  is  no  good  historical  foundation  for  the 
latter  part  of  this  story ;  and  any  geologist  who  has  visited  Amer  must 
be  convinced  that  there  never  was  any  eruption  on  that  spot.  It  is  true 
that,  in  the  year  above  mentioned,  the  whole  of  Olot,  with  the  exception 
of  a  single  house,  was  cast  down  by  an  earthquake ;  one  of  those  shocks 
which,  at  distant  intervals  during  the  last  five  centuries,  have  shaken  the 
Pyrenees,  and  particularly  the  country  between  Perpignan  and  Olot, 
where  the  movements,  at  the  period  alluded  to,  were  most  violent. 

The  annihilation  of  the  town  may,  perhaps,  have  been  due  to  the 
cavernous  nature  of  the  subjacent  rocks ;  for  Catalonia  is  beyond  the 
line  of  those  European  earthquakes  which  have,  within  the  period  of 
history,  destroyed  towns  throughout  extensive  areas. 

As  we  have  no  historical  records,  then,  to  guide  us  in  regard  to  the 
extinct  volcanos,  we  must  appeal  to  geological  monuments.  The  annexed 
diagram  will  present  to  the  reader,  in  a  synoptical  form,  the  results  ob- 
tained from  numerous  sections. 

The  more  modem  alluvium  {d)  is  partial,  and  has  been  formed  by 
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the  action  of  rivers  and  flooda  upon  the  lava ;  whereas  the  older  gravel 
(b)  was  strewed  over  the  country  before  the  volcanic  eruptions.  In 
neither  have  any  organic  remains  heen  discovered ;  bo  that  we  can  merely 
affirm,  B8  yet,  that  the  volcanos  broke  out  after  the  elevation  of  some 
of  the  newest  rocks  of  the  nummulitic  (Eocene?)  scries  of  Catalonia, 
and  before  the  formation  of  an  alluvium  (d)  of  unknown  dale.  The 
integrity  of  the  cones  merely  shows  that  the  country  has  not  been  agi- 
tated by  violent  earthquakes,  or  subjected  to  the  action  of  any  great 
transient  flood  since  their  origia. 

East  of  Olot,  on  the  Cataionian  coast,  marine  tertiary  strata  occur, 
which,  near  Barcelona,  attain  the  height  of  about  500  feet.  From  the 
shells  which  I  collected,  these  strato  appear  to  correspond  in  age  with 
the  Subappenine  beds;  and  it  is  not  improbable  that  their  upheaval 
from  beneath  the  sea  took  place  during  the  period  of  volcanic  eruption 
round  Olot.  In  that  case  these  eruptions  may  have  occurred  at  the 
close  of  the  Older  Pliocene  em,  but  pedaps  subsequently,  for  their  age 
is  at  present  quite  uncertain. 

Miocene  period —  Volcotiic  rockt  of  0if.  Ei/d. — The  chronological  re- 
lations of  the  volcanic  rocks  of  the  lower  Rhine  and  the  Eifel  are  also 
involved  in  a  considerable  degree  of  ambigoity ;  but  wc  know  that  some 
portion  of  them  were  coeval  with  the  deposition  of  a  tertiary  formation, 
called  "Brown-Coal"  by  the  Germans,  which  probably  belongs  to  the 
Miocene,  if  not  referable  to  the  Upper  Eocene,  epoch. 

This  BrowD-Coal  is  seen  on  both  sides  of  the  Bhine,  in  the  neigh- 
bourhood of  Bonn,  resting  unconformably  on  highly  inclined  and  ver- 
tical strata  of  Silurian  and  Devonian  rocks.  Its  position,  and  the  space 
occapied  by  the  volcanic  rocks,  both  of  the  Westerwald  and  Eifel,  will 
be  seen  by  referring  lo  the  map  in  ihe  next  page  (6g.  476),  for  which  I 
am  indebted  to  Mr.  Horner,  whose  residence  in  the  country  has  enabled 
him  to  verify  the  maps  of  MM.  Noeggerath  and  Von  Oeynhausen,  from 
which  that  now  given  has  been  principally  compiled. 

The  Brown  coal  formation  consists  of  beds  of  loose  sand,  sandstone, 
and  conglomerate,  clay  with  nodules  of  el  ay-ironstone,  and  occasionally 
silex-  Layers  of  light  brown,  and  sometimes  black  lignite,  are  inler- 
■tratified  with  the  clajrs  and  sands,  and  often  irregularly  diffused  through 
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them.    The;  coDtain  numerous  impressioDs  of  IcaTcg  ftnd  atema  of  treefl, 
and  are  eitcngiTc)}^  vorked  for  fuel,  whence  the  name  of  the  formation. 

In  several  places,  layers  of  trachytic  tuff  are  interalratified,  and  in 
these  tuffs  are  leaves  of  plants  identical  with  those  found  in  the  broini- 
coal,  showing  that,  during  the  period  of  the  accumulatioo  of  the  latter, 
some  Toleanie  products  were  ejected. 

The  varieties  of  wood  in  the  lignite  are  aaid  to  belong  entirely  to 
dicotyledonous  trees ;  but  among  the  impressions  of  leaves,  collected  by 
Mr.  Homer,  some  were  referred  hy  Sir.  Lindley  to  a  palm,  perhaps  of 
the  genus  Chamteropt,  and  othera  resembled  the  Cinnamomum  dulet^ 
and  Podocarpui  macrophyUa,  which  would  also  indicate  a  warm  climate.* 

The  other  organic  remaina  of  the  brown-coal  are  principally  fishes; 
they  are  found  in  a  bitumiDOuB   shale,  called  paper-coal,  from  bdng 
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divisible  into  extremely  thin  Jieaves.  The  individuals  are  very  aumeroos ; 
but  they  appear  to  belong  to  about  five  species,  which  M.  Agassiz  in- 
forms me  arc  all  extinct,  and  hitherto  peculiar  to  this  brown-coal.  They 
belong  to  the  freshwater  genera  Leuciscus,  AspiuSf  and  Perca.  The 
remains  of  frogs  also,  of  an  extinct  species,  have  been  discovered  in  the 
paper-coal ;  and  a  complete  series  may  be  seen  in  the  museum  at  Bonn, 
from  the  most  imperfect  state  of  the  tadpole  to  that  of  the  full-grown 
animal.  With  these  a  salamander,  scarcely  distinguishable  from  the 
recent  species,  has  been  found,  and  several  remains  of  insects. 

The  brown-coal  was  evidently  a  freshwater  formation ;  but  fossil  shells 
have  been  scarcely  ever  found  in  it ;  although  near  Marienforst,  in  the 
vicinity  of  Bonn,  large  blocks  have  been  met  with  of  a  white  opaque 
chert,  containing  numerous  casts  of  freshwater  shells,  which  appear  to 
belong  to  Planorbis  rotundatus  and  Mimnea  longiscata,  two  species 
conunon  both  to  the  Middle  and  Upper  Eocene  periods.  It  is  very  pro- 
bable that  the  brown-coal  may  be  connected  in  age  with  those  fluvio- 
marsne  formations  which  are  found  in  higher  parts  of  the  valley  of  the 
Rhine,  as  at  Mayence  before  mentioned  (p.  177). 

A  vast  deposit  of  gravel,  chiefly  composed  of  pebbles  of  white  quartz, 
but  containing  also  a  few  fragments  of  other  rocks,  lies  over  the  brown- 
coal  formation,  forming  sometimes  only  a  thin  covering,  at  others  attain- 
ing a  thickness  of  more  than  100  feet.  This  gravel  is  very  distinct  in 
character  from  that  now  forming  the  bed  of  the  Rhine.  It  is  called 
"  Kiesel  geroUe  "  by  the  Germans,  often  reaches  great  elevations,  and  is 
covered  in  several  places  with  volcanic  ejections.  It  is  evident  that  the 
country  has  undergone  great  changes  in  its  physical  geography  since 
this  gravel  was  formed ;  for  its  position  has  scarcely  any  relation  to  th^ 
existing  drainage  of  the  country,  and  all  the  more  modem  volcanic  rocks 
of  the  same  region  are  posterior  to  it  in  date. 

Some  of  the  newest  beds  of  volcanic  sand,  pumice,  and  scoriae  are 
interstratified  near  Andemach  and  elsewhere  with  the  loam  called  loess, 
which  was  before  described  as  being  full  of  land  and  freshwater  shells 
of  recent  species,  and  referable  to  the  Post-Pliocene  period.  I  have 
before  hinted  (see  p.  118)  that  this  intercalation  of  volcanic  matter 
between  beds  of  loess  may  possibly  be  explained  without  supposing  the 
last  eruptions  of  the  Lower  Eifel  to  have  taken  place  so  recently  as  the 
era  of  the  deposition  of  the  loess;  but  further  researches  should  be 
directed  to  the  investigation  of  this  curious  point. 

The  igneous  rocks  of  the  Westerwald,  and  of  the  mountains  called 
the  Siebcngebirge,  consist  partly  of  basaltic  and  partly  of  trachytic  lavas, 
the  latter  being  in  general  the  more  ancient  of  the  two.  There  are 
many  varieties  of  trachyte,  some  of  which  are  highly  crystalline,  resem- 
bling a  coarse-grained  granite,  with  large  separate  crystals  of  felspar. 
Trachytic  tuff  is  also  very  abundant.  These  formations,  some  of  which 
were  certainly  contemporaneous  with  the  origin  of  the  brown-coal,  were 
the  first  of  a  long  series  of  eruptions,  the  more  recent  of  which  hap- 
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pened  when  the  country  b&d  acquired  nevljr  all  its  present  geographical 

Newer  volcanoi  of  the  El/el.  —  Ldkc-eraUrt.  —  As  I  recognued  in 
the  more  modem  Tolcanoa  of  the  Eifel  cbaracters  diatinct  from  any  pre- 
riouslj  observed  by  me  in  those  of  France,  Italy,  and  Spain,  I  shall 
briefly  describe  them.  The  fundamental  rocks  of  the  district  are  grey 
and  red  sandatoncs  and  shales,  with  some  associated  limestones,  replete 
with  fossils  of  the  Devonian  or  Old  Red  Sandstone  group.  The  Tolca- 
nos  broke  out  in  tho  midst  of  these  inclined  strata,  and  when  the  present 
systems  of  hills  and  valleys  had  already  been  formed,  Tho  eruptions 
occurred  sometimea  at  the  bottom  of  deep  valleys,  sometimes  on  the  sum- 
mit of  hills,  and  frequently  on  intervening  platforms.  In  travelling 
through  this  district  wo  often  fall  upon  them  most  unexpectedly,  and 
may  find  ourselves  on  the  very  edge  of  a  crater  before  we  had  been  led 
to  suspect  that  we  were  approaching  the  site  of  any  igneous  ontburst. 
Thus,  for  example,  on  arriving  at  the  village  of  Qcmund,  immediately 
south  of  Oaun,  we  leave  the  stream,  which  flows  at  the  bottom  of  a  deep 
valley  in  which  strata  of  sandstone  and  shale  crop  out.  We  then  climb 
A  steep  hill,  on  the  surface  of  which  we  see  tho  edges  of  the  same  strata 
dipping  inwards  towards  the  mountain.  When  we  have  ascended  to  a 
.QODsidcrable  height,  we  see  fragments  of  scoriiB  sparingly  scattered  over 
the  surface;  tilt,  at  length,  on  reaching  the  suumit,  we  find  ourselves 
suddenly  on  the  edge  of  a  torn,  or  deep  circular  lake-basin. 


This,  which  is  called  the  Gemunder  Maar,  is  the  first  of  three  lakes 
-which  are  in  immodiate  contact,  the  same  ridge  forming  the  barrier  of 
two  neighbouring  cavities  (see  fig.  477).  On  viewing  the  flrat  of  these, 
<we  recognise  the  ordinary  form  of  «  oiat«r,  for  which  «e  have  been  ^k- 
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pared  by  the  occurrence  of  scoria)  scattered  over  the  surface  of  the  soil. 
But  on  examiniDg  the  walls  of  the  crater  we  find  precipices  of  sandstone 
and  shale  which  exhibit  no  signs  of  the  action  of  heat ;  and  we  look  in 
vain  for  those  beds  of  lava  and  scoriae,  dipping  in  opposite  directions  on 
every  side,  which  we  have  been  accustomed  to  consider  as  characteristic 
of  volcanic  craters.  As  we  proceed,  however,  to  the  opposite  side  of  the 
lake,  and  afterwards  visit  the  craters  c  and  d  (fig.  478),  w«^  find  a  con- 
siderable quantity  of  scoriae  and  some  lava,  and  see  the  whole  surface  of 
the  soil  sparkling  with  volcanic  sand,  and  strewed  with  fragments  of 
half-fused  shale,  which  preserves  its  laminated  texture  yv.  the  interior, 
while  it  has  a  vitrified  or  scoriform  coating. 

A  few  miles  to  the  south  of  the  lakes  above  mentioned  occurs  the 
Pulvermaar  of  Gillenfeld,  an  oval  lake  of  very  regular  form,  and  sur- 
rounded by  an  unbroken  ridge  of  fragmentary  materials,  consisting  of 
ejected  shale  and  sandstone,  and  preserving  a  uniform  height  of  about 
150  feet  above  the  water.  The  side  slope  in  the  interior  is  at  an  angle 
of  about  45  degrees;  on  the  exterior,  of  35  degrees.  Volcanic  sub- 
stances are  intermixed  very  sparingly  with  the  ejections,  which  in  this 
place  entirely  conceal  from  view  the  stratified  rocks  of  the  country.* 

The  Meerfelder  Maar  is  a  cavity  of  far  greater  aize  and  depth,  hol- 
lowed out  of  similar  strata ;  the  sides  presenting  some  abrupt  sections 
of  inclined  secondary  rocks,  which  in  other  places  are  buried  under  vast 
heaps  of  pulverized  shale.  I  could  discover  no  scoriao  amongst  the 
ejected  materials,  but  balls  of  olivine  and  other  volcanic  substances  are 
mentioned  as  having  been  found.f  This  cavity,  which  we  must  suppose 
to  have  discharged  an  immense  volume  of  gas,  is  nearly  a  mile  in  diame- 
ter, and  is  said  to  be  more  than  one  hundred  fathoms  deep.  In  the 
neighbourhood  is  a  mountain  called  the  Mosenberg,  which  consists  of 
red  sandstone  and  shale  in  its  lower  parts,  but  supports  on  its  summit  a 
triple  volcanic  cone,  while  a  distinct  current  of  lava  is  seen  descending 
the  flanks  of  the  mountain.  The  edge  of  the  crater  of  the  largest  cone 
reminded  me  much  of  the  form  and  characters  of  that  of  Vesuvius;  but 
I  was  much  struck  with  the  precipitous  and  almost  overhanging  wall  or 
parapet  which  the  scoriao  presented  towards  the  exterior,  as  at  a  6  (fig. 
479)  •  orhich  I  can  only  explain  by  supposing  that  fragments  of  red-hot 

Fig.  4r0. 


a.  Stratified  rockf.  r.  Volcanic. 

Outline  of  ICiOMiiberg,  Upper  Eifel. 

♦  Scrope,  ^i«^.  Joi^m  of  Sci.,  June,  1826,  p.  146. 
f  HiMwrt,  £x4n(^  Volcanos  of  the  Rhine,  p.  24. 
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lava,  as  they  fell  round  the  vent,  were  cemented  together  into  one  com- 
pact mafls,  in  consequence  of  continuing  to  be  in  a  half-melted  state. 

If  we  pass  from  the  upper  to  the  lower  Eifel,  from  A  to  B  (see  map, 
p.  416),  we  find  the  celebrated  lake-crater  or  Laach,  which  has  a  greater 
resemblance  than  any  of  those  before  mentioned  to  the  Lago  di  Bolsena, 
and  others  in  Italy — being  surrounded  by  a  ridge  of  gently  sloping  hills, 
composed  of  loose  tuffs,  scoriae,  and  blocks  of  a  variety  of  lavas. 

One  of  the  most  interesting  volcanos  on  the  left  bank  of  the  Rhine 
is  called  the  Roderberg.  It  forms  a  circular  crater  nearly  a  quarter  of 
a  mile  in  diameter,  and  100  feet  deep,  now  covered  with  fields  of  com. 
The  highly  inclined  strata  of  ancient  sandstone  and  shale  rise  even  to 
the  rim  of  one  side  of  the  crater ;  but  they  are  overspread  by  quartzose 
gravel,  and  this  again  is  covered  by  volcanic  scoriso  and  tufaceous  sand. 
The  opposite  wall  of  the  crater  is  composed  of  cinders  and  scorified 
rock,  like  that  at  the  summit  of  Vesuvius.  It  is  quite  evident  that  the 
eruption  in  this  case  burst  through  the  sandstone  and  alluvium  which 
immediately  overlies  it;  and  I  observed  some  of  the  quartz  pebbles 
mixed  with  scoriae  on  the  flanks  of  the  mountain,  as  if  they  had  been 
cast  up  into  the  air,  and  had  fallen  again  with  the  volcanic  ashes.  I 
have  already  observed,  that  a  large  part  of  this  crater  has  been  filled  up 
with  loess  (p.  118). 

The  most  striking  peculiarity  of  a  great  many  of  the  craters  above 
described,  is  the  absence  of  any  signs  of  alteration  or  torrefaction  in 
their  walls,  when  these  are  composed  of  regular  strata  of  ancient  sand- 
stone and  shale.  It  is  evident  that  the  summits  of  hills  formed  of  the 
above-mentioned  stratified  rocks  have,  in  some  cases,  been  carried  away 
by  gaseous  explosions,  while  at  the  same  time  no  lava,  and  often  a  very 
small  quantity  of  scoriae,  has  escaped  from  the  newly-formed  cavity. 
There  is,  indeed,  no  feature  in  the  Eifel  volcanos  more  worthy  of  note, 
than  the  proofs  they  afford  of  very  copious  aeriform  discharges,  unac- 
companied by  the  pouring  out  of  melted  matter,  except,  here  and  there, 
in  very  insignificant  volume.  I  know  of  no  other  extinct  volcanos 
where  gaseous  explosions  of  such  magnitude  have  been  attended  by  the 
emission  of  so  small  a  quantity  of  lava.  Yet  I  looked  in  vain  in  the 
Eifel  for  any  appearances  which  could  lend  support  to  the  hypothesis, 
that  the  sudden  rushing  out  of  such  enonuous  volumes  of  gas  had  ever 
lifted  up  the  stratified  rocks  immediately  around  the  vent,  so  as  to  form 
conical  masses,  having  their  strata  dipping  outwards  on  all  sides  from  a 
central  axis,  as  is  assumed  in  the  theory  of  elevation  craters,  alluded  to 
at  the  end  of  Chap.  XXIX. 

Trass. — In  the  Lower  Eifel,  eruptions  of  trachytic  lava  preceded  the 
emission  of  currents  of  basalt,  and  immense  quantities  of  pumice  were 
thrown  out  wherever  trachyte  issued.  The  tufaceous  alluvium  called 
trass,  which  has  covered  large  areas  in  this  region  and  choked  up  some 
valleys  now  partially  re-excavated,  is  un stratified.  Its  base  consists 
almost  entirely  of  pumice,  in  which  are  included  fragments  of  basalt 
and  other  lavas,  pieces  of  burnt  shale,  slate,  and  sandstone,  and  nume 
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rous  trunks  and  branches  of  trees.  If  this  trass  was  formed  during  the 
period  of  volcanic  eruptions  it  may  perhaps  have  originated  in  the  man- 
ner of  the  moya  of  the  Andes. 

We  may  easily  conceive  that  a  similar  mass  might  now  be  produced, 
if  a  copious  evolution  of  gases  should  occur  in  one  of  the  lake  basins. 
The  water  might  remain  for  weeks  in  a  state  of  violent  ebullition,  until 
it  became  of  the  consistency  of  mud,  just  as  the  sea  continued  to  be 
charged  with  red  mud  round  Graham's  Island,  in  the  Mediterranean,  in 
the  year  183}.  If  a  breach  should  then  be  made  in  the  side  of  the 
cone,  the  flood  would  sweep  away  great  heaps  of  ejected  fragments  of 
shale  and  sandstone,  which  would  be  borne  down  into  the  adjoining 
valleys.  Forests  might  be  torn  up  by  such  a  flood,  and  thus  the  occur- 
rence of  the  numerous  trunks  of  trees  dispersed  irregularly  through  the 
trass,  can  be  explained. 

Hungary. — jM.  Beudant,  in  his  elaborate  work  on  Hungary,  describes 
five  distinct  groups  of  volcanic  rocks,  which,  although  nowhere  of  great 
extent,  form  striking  features  in  the  physical  geography  of  that  country, 
rising  as  they  do  abruptly  from  extensive  plains  composed  of  tertiary 
strata.  They  may  have  constituted  islands  in  the  ancient  sea,  as  Santo- 
rin  and  Milo  now  do  in  the  Grecian  Archipelago;  and  M.  Beudant  has 
remarked  that  the  mineral  products  of  the  last-mentioned  islands  resem- 
ble remarkably  those  of  the  Hungarian  extinct  volcanos,  where  many 
of  the  same  minerals,  as  opal,  calcedony,  resinous  silex  {tsihx  rennite), 
pearlite,  obsidian,  and  pitchstone  abound. 

The  Hungarian  lavas  are  chiefly  felspathic,  consisting  of  different 
varieties  of  trachyte ;  many  are  cellular,  and  used  as  millstones ;  some 
80  porous  and  even  scoriform  as  to  resemble  those  which  have  issued  in 
the  open  air.  Pumice  occurs  in  great  quantity ;  and  there  are  conglom- 
erates, or  rather  breccias,  wherein  fragments  of  trachyte  are  bound 
together  by  pumiceous  tuff,  or  sometimes  by  silex. 

It  is  probable  that  these  rocks  were  permeated  by  the  waters  of  hot 
springs,  impregnated,  like  the  Geysers,  with  silica ;  or  in  some  instances, 
perhaps,  by  aqueous  vapours,  which,  like  those  of  Lancerote,  may  have 
precipitated  hydrate  of  silica. 

By  the  influence  of  such  springs  or  vapours  the  trunks  and  branches 
of  trees  washed  down  during  floods,  and  buried  in  tuffs  on  the  flanks 
of  the  mountains,  are  supposed  to  have  become  silicificd.  It  is  scarcely 
possible,  says  M.  Beudant,  to  dig  into  any  of  the  pumiceous  deposits  of 
these  mountains  without  meeting  with  opalized  wood,  and  sometimes 
entire  silicificd  trunks  of  trees  of  great  size  and  weight. 

It  appears  from  the  species  of  shells  collected  principally  by  M.  Bou4, 
and  examined  by  M.  Deshayes,  that  the  fossil  remains  imbedded  in  the 
volcanic  tuffs,  and  in  strata  alternating  with  them  in  Hungary,  are  of 
the  Miocene  type,  and  not  identical,  as  was  formerly  supposed,  with  the 
fossils  of  the  Paris  basin. 
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CHAPTER  XXXII. 

ON  THE   DIFFERENT   AGES   OF  THE   VOLCANIC  ROCKS  —  continued. 

Volcanic  rocks  of  the  Pliocene  and  Miocene  periods  continued  —  Auvergne  — 
Mont  Dor — Breccias  and  alluviums  of  Mont  Perrier,  with  bones  of  quadrupeds 
— Riyer  dammed  up  by  lava-current — Range  of  minor  cones  from  Auvergne 
to  the  Vivarais  —  Monts  Dome  —  Puy  de  Cdme  —  Puy  de  Pariou  —  Cones  not 
denuded  by  general  flood  —  Velay —  Bones  of  quadrupeds  buried  in  scoriae  — 
Cantal  —  Eocene  volcanic  rocks  —  Tuffs  near  Clermont  —  Hill  of  Gergovia  — 
Trap  of  Cretaceous  period  —  Oolitic  period  —  New  Red  Sandstone  period  — 
Carboniferous  period — Old  Red  Sandstone  period — **  Rock  and  Spindle"  near 
St.  Andrews — Silurian  period — Cambrian  volcanic  rocks. 

Tertiary  Volcanic  Rocks  —  Auvergne.  —  The  extinct  volcanos  of 
Auvergne  and  Cantal  in  Central  France  seem  to  have  commenced  their 
eraptions  in  the  Upper  Eocene  period,  but  to  have  been  most  active 
during  the  Miocene  and  Pliocene  eras.  I  have  already  alluded  to  the 
grand  succession  of  events,  of  which  there  is  evidence  in  Auvergne 
since  the  last  retreat  of  the  sea  (see  p.  178). 

The  earliest  monuments  of  the  tertiary  period  in  that  region  are 
lacustrine  deposits  of  great  thickness  (2,  fig.  480,  p.  424),  in  the  lowest 
conglomerates  of  which  are  rounded  pebbles  of  quartz,  mica^schist, 
granite,  and  other  non-volcanic  rocks,  without  the  slightest  intermixture 
of  igneous  products.  To  these  conglomerates  succeed  argillaceous  and 
calcareous  marls  and  limestones  (3,  fig.  480)  containing  upper  Eocene 
shells  and  bones  of  mammalia,  the  higher  beds  of  which  sometimes  al- 
ternate with  volcanic  tuff  of  contemporaneous  origin.  After  the  filling 
up  or  drainage  of  the  ancient  lakes,  huge  piles  of  trachytic  and  basaltic 
rocks,  with  volcanic  breccias,  accumulated  to  a  thickness  of  several  thou- 
sand feet,  and  were  superimposed  upon  granite,  or  the  contiguous  lacus- 
trine strata.  The  greater  portion  of  these  igneous  rocks  appear  to  have 
originated  during  the  Miocene  and  Pliocene  periods;  and  extinct  quad- 
rupeds of  those  eras,  belonging  to  the  genera  Mastodon,  Rhinoceros, 
and  others,  were  buried  in  ashes  and  beds  of  alluvial  sand  and  gravel, 
which  owe  their  preservation  to  overspreading  sheets  of  lava. 

In  Auvergne  the  most  ancient  and  conspicuous  of  the  volcanic  masses 
is  Mont  Dor,  which  rests  immediately  on  the  granitic  rocks  standing 
apart  from  the  fresh-water  strata.*  This  great  mountain  rises  suddenly 
to  the  height  of  several  thousand  feet  above  the  surrounding  platform, 
and  retains  the  shape  of  a  flattened  and  somewhat  irregular  cone,  all  the 
sides  sloping  more  or  less  rapidly,  until  their  inclination  is  gradually 
lost  in  the  high  plain  around.  This  cone  is  composed  of  layers  of  scoriae, 
pumice  stones,  and  their  fine  detritus,  with  interposed  beds  of  trachyte 

*  See  the  map,  p.  179. 
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and  ba43alt,  which  descend  often  in  uninterrupted  sheets,  till  they  reach 
and  spread  themselves  round  the  base  of  the  mountain.*  Conglome- 
rates also,  composed  oR  angular  and  rounded  fragments  of  igneous  rocks, 
are  observed  to  alternate  with  the  above ;  and  the  various  masses  are 
seen  to  dip  off  from  the  central  axis,  and  to  lie  parallel  to  the  sloping 
flanks  of  the  mountain. 

The  summit  of  Mont  Dor  terminates  in  seven  or  eight  rocky  peaks, 
where  no  regular  crater  can  now  be  traced,  but  where  we  may  easily 
imagine  one  to  have  existed,  which  may  have  been  shattered  by  earth- 
quakes, and  have  suffered  degradation  by  aqueous  agents.  Originally, 
perhaps,  like  the  highest  crater  of  Etna,  it  may  have  formed  an  insig- 
nificant feature  in  the  great  pile,  and  may  frequently  have  been  destroyed 
and  renovated. 

According  to  some  geologists,  this  mountain,  as  well  as  Vesuvius, 
Etna,  and  all  large  volcauos,  has  derived  its  dome-like  form  not  from 
the  preponderance  of  eruptions  from  one  or  more  central  points,  but 
from  the  upheaval  of  horizontal  beds  of  lava  and  scoriaj.  I  have 
explained  my  reasons  for  objecting  to  this  view  at  the  close  of  Chap. 
XXIX.,  when  speaking  of  Palma,  and  in  the  Principles  of  Geology. f 
The  average  inclination  of  the  dome-shaped  mass  of  Mont  Dor  is  8°  6', 
whereas  in  Mounts  Loa  and  Kea,  before  mentioned,  in  the  Sandwich 
Islands  (see  fig.  457,  p.  394),  the  flanks  of  which  have  been  raised  by 
recent  lavas,  we  find  from  Mr.  Dana's  description  that  the  one  has  a 
slope  of  6°  30',  the  other  of  7°  4G'.  We  may,  therefore,  reasonably 
question  whether  there  is  any  absolute  necessity  for  supposing  that  the 
basaltic  currents  of  the  ancient  French  volcano  were  at  first  more  hori- 
sontal  than  they  are  now.  Nevertheless  it  is  highly  probable  that 
during  the  long  series  of  eruptions  required  to  give  rise  to  so  vast  a  pile 
of  volcanic  matter,  which  is  thickest  at  the  summit  or  centre  of  the 
dome,  some  dislocation  and  upheaval  took  place ;  and  during  the  disten- 
sion of  the  mass,  beds  of  lava  and  scorise  may,  in  some  places,  have 
acquired  a  greater,  in  others  a  less  inclination,  than  that  which  at  first 
belonged  to  them. 

Respecting  the  age  of  the  great  mass  of  Mont  Dor,  we  cannot  come 
at  present  to  any  positive  decision,  because  no  organic  remains  have  yet 
been  found  in  the  tuffs,  except  impressions  of  the  leaves  of  trees  of 
species  not  yet  determined.  We  may  certainly  conclude,  that  the  ear- 
liest eruptions  were  posterior  in  origin  to  those  grits,  and  conglomerates 
of  the  fresh-water  formation  of  the  Liraagne,  which  contain  no  pebbles 
of  volcanic  rocks ;  while,  on  the  other  hand,  some  eruptions  took  place 
before  the  great  lakes  were  drained ;  and  others  occurred  after  the 
desiccation  of  those  lakes,  and  when  deep  valleys  had  aleady  been  exca- 
vated through  fresh-water  strata. 

In  the  annexed  section,  I  have  endeavoured  to  explain  the  geological 
structure  of  a  portion  of  Auvergne,  which  I  re-examined  in  1843.  J    It 

*  Scrope's  Central  France,  p.  98. 

t  See  chaps,  xxiv.,  xxv.,  and  xxvi.,  7th  and  8th  editions. 

*  See  Quarterly  Geol.  Journ..  vol.  ii.  t>.  77. 
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Baetkm  from  the  Talley  r>f  the  Cnuie  at  Nrchera,  throaich  Mont  IVrrier  and  laaoire  to  tho  TaU^y 

of  the  AUIer,  and  the  Toar  da  Boulada,  AuTergne. 

10.  LaTa-riirrent  of  Tartaret  near  Itii  tcnnina*  6.   Lower  bone-bed  of  Perrier,  oehiaoiu  Mm! 

tktn  at  Nerlieni.  and  frrarel. 

0.  Bone-t«Hl.  n^l  itauUy  clajr  umler  the  lara  of  4  a.  BaMltk  dyke. 

Tartaret.  4.  BaMltic  platform. 
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7.  Allnvlum  newer  than  No.  0.  (crpram,  ic. 

fi.  AlIuTlum  with  lM»neti  of  hip|iopntamna.  2.  Lower  frefh-water  formatkm,  red  daj, 

6  e.  Trachy  tic  hn^ria  reM>mblinf(  5  a.  rand,  Ac. 

6  6.  Upper  bone-bed  of  I'errler,  mTel,  le.  1.  Granite. 
6  a.  l*umlcp«iuit  breoria  and  onnKMimerate.  anicu- 

lar  maMM  of  trachyte,  qoarta,  pebUen,  Ac 


may  convey  some  idea  to  the  rc«ader  of  the  long  and  complicated 
of  events  which  have  occurred  in  that  country,  since  the  first  lacaBtrine 
strata  (No.  2)  were  deposited  on  the  granite  (No.  1).  The  changes  of 
which  we  have  evidence  are  the  more  striking,  because  they  imply  great 
denudation,  without  there  being  any  proofs  of  the  intervention  of  the 
sea  during  the  whole  period.  It  will  be  seen  that  the  upper  fresh-water 
beds  (No.  3^,  once  formed  in  a  lake,  must  have  suffered  great  destruc- 
tion before  the  excavation  of  the  valleys  of  the  Couze  and  Allier  had 
begun.  In  these  fresh-water  beds,  Upper  Eocene  fossils,  as  described 
in  Chap.  XV.,  have  been  found.  The  basaltic  dike  4'  is  one  of  many 
examples  of  the  intrusion  of  volcanic  matter  through  the  Eocene  fresh- 
water beds,  and  may  have  been  of  Upper  Eocene  or  Miocene  date,  giv- 
ing nse,  when  it  reached  the  surface  and  overflowed,  to  such  platforms 
of  basalt,  as  often  cap  the  tertiary  hills  in  Auvergne,  and  one  of  which 
(4)  is  seen  on  Mont  Perrier. 

It  not  unfre<)uently  happens  that  beds  of  gravel  containing  bones  of 
extinct  mammalia  are  detected  under  these  very  ancient  sheets  of  basalt^ 
as  between  No.  4  and  the  fresh-water  strata,  No.  3,  at  A,  from  which  it 
is  clear  that  the  surface  of  3  formed  at  that  period  the  lowest  level  at 
which  the  waters  then  draining  the  country  flowed.  Next  in  age  to  this 
basaltic  platform  comes  a  patch  of  ochreous  sand  and  gravel  (No.  5), 
containing  many  bones  of  quadrupeds.  Upon  this  rests  a  pumiceons 
breccia  and  conglomerate,  with  angular  masses  of  trachyte,  and  some 
quartz  pebbles.  This  deposit  is  followed  by  5  &,  which  is  similar  to  5, 
and  5  c  similar  to  the  trachytic  breccia  5  a.  These  two  breccias  are 
supposed,  from  their  similarity  to  others  found  on  Mount  Dor,  to  have 
descended  from  the  flanks  of  that  mountain  during  eruptions ;  and  the 
interstratificd  alluvial  deposits  contain  the  remains  of  mastodon,  rhino- 
ceros, tapir,  deer,  beaver,  and  quadrupeds  of  other  genera  referable  to 
about  forty  species,  all  of  which  arc  extinct.  I  formerly  supposed  them 
to  belong  to  the  same  era  as  the  Miocene  faluns  of  Touraine;  lmt| 
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whether  they  may  not  rather  be  ascribed  to  the  older  Pliocene  epoch  is 
a  question  which  farther  inquiries  and  comparisons  must  determine. 

Whatever  be  their  date  in  the  tertiary  series,  they  are  quadrupeds 
which  inhabited  the  country  when  the  formations  5  and  5  c  originated. 
Probably  they  were  drowned  during  floods,  such  as  rush  down  the 
flanks  of  volcanos  during  eruptions,  when  great  bodies  of  steam  are 
emitted  from  the  crater,  or  when,  as  we  have  seen,  both  on  Etna  and  in 
Iceland  in  modem  times,  large  masses  of  snow  arc  suddenly  melted  by 
lava,  causing  a  deluge  of  water  to  bear  down  the  fragments  of  igneous 
rocks  mixed  with  mud,  to  the  valleys  and  plains  below. 

It  will  be  seen  that  the  valley  of  the  Issoire,  down  which  these  an- 
cient inundations  swept,  was  first  excavated  at  the  expense  of  the  for- 
mations 2,  3,  and  4,  and  then  filled  up  by  the  masses  5  and  5  c,  after 
which  it  was  re-excavated  before  the  more  modern  alluviums  (Nos.  6  and 
7)  were  formed.  In  these  again  other  fossil  mammalia  of  distinct  species 
have  been  detected  by  M.  Bravard,  the  bones  of  an  hippopotamus  having 
been  found  among  the  rest. 

At  length,  when  the  valley  of  the  Allier  was  eroded  at  Issoire  down 

to  its  lowest  level,  a  talus  of  angular  fragments  of  basalt  and  freshwater 

limestone  (No.  8)  was  formed,  called  the  bone-bed  of  the  Tour  de  Bou- 

lade,  from  which  a  great  many  other  mammalia  have  been  collected  by 

MM.  Bravard  and  Pomel.    In  this  assemblage  the  Elephas  primijenius 

jRhinoceros  tichorinus,  Deer  (including  rein-deer),  Eqttus,  JBos,  Antelope, 

Fells,  and  Cam's,  were  included.     Even  this  deposit  seems  hardly  to  be 

the  newest  in  the  neighbourhood,  for  if  we  cross  from  the  town  of  Issoire 

(see  fig.  480)  over  Mont  Perrier  to  the  adjoining  valley  of  the  Couze, 

we  find  another  bone-bed  (No.  9),  overlaid  by  a  current  of  lava  (No.  10). 

The  history  of  this  •  lava-current,  which  terminates   a  few  hundred 

yards  below  the  point  No.  10,  in  the  suburbs  of  the  village  of  Nechers, 

is  interesting.     It  forms  a  long  narrow  stripe  more  than  13  miles  in 

length,  at  the  bottom  of  the  valley  of  the  Couze,  which  flows  out  of  a 

lake   at  the   foot  of  Mont   Dor.      This   lake  is  caused  by  a  barrier 

thrown  across  the  ancient  channel  of  the  Couze,  consisting  partly  of  the 

volcanic  cone  called  the  Puy  de  Tartaret,  formed  of  loose  scoriae,  from 

the  base  of  which  has  issued  the  lava-current  before  mentioned.     The 

materials  of  the  dam  which  blocked  up  the  river,  and  caused  the  Lac  de 

Chambon,  are  also,  in  part,  derived  from  a  land-slip  which  may  have 

happened  at  the  time  of  the  great  eruption  which  formed  the  cone. 

This  cone  of  Tartaret  affords  an  impressive  monument  of  the  very 
different  dates  at  which  the  igneous  eruptions  of  Auvergne  have  hap- 
pened; for  it  was  evidently  thrown  up  at  the  bottom  of  the  existing 
valley,  which  is  bounded  by  lofty  precipices  composed  of  sheets  of  an- 
cient columnar  trachyte  and  basalt,  which  once  flowed  at  very  high  levels 
from  Mont  Dor.* 

•  For  a  view  of  Puy  de  Tartaret  and  Mont  Dor,  see  Scrope's  Volcanos  of  Cen- 
tral France. 
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WhcD  wc  follow  the  course  of  the  river  Goose,  from  its  source  in  the 
lake  of  ChainboD,  to  the  termination  of  the  lavarciirrent  at  Noehers,  a 
distance  of  thirti^en  miles,  we  find  that  the  torrent  has  in  most  plaoej 
cut  a  deep  channel  through  the  lava,  the  lower  portion  of  which  b  eo- 
lumnar.  In  some  narrow  gorges  it  has  even  had  power  to  remove  the 
entire  mass  of  husultic  rock,  though  the  work  of  erosion  must  have  been 
very  slow,  as  the  basalt  is  tough  and  hard,  and  one  column  after  another 
mm$t  have  In^en  undermined  and  reduced  to  pebbles,  and  then  to  sand. 
During  the  time  required  for  this  operation,  the  perishable  cone  of  Tar- 
taret,  eoinfN>sed  of  sand  and  ashes,  has  stood  uninjured,  proving  that  no 
great  flood  or  deluge  cau  have  passed  over  this  region  in  the  interval 
between  the  eruption  of  Tartaret  and  our  own  times. 

If  we  now  return  to  the  section  (fig.  480),  I  may  observe  that  the 
lava-curnrnt  of  Tartaret,  which  has  diminished  greatly  in  height  and 
volume  near  its  termination,  presents  here  a  steep  and  perpendicular 
face  25  fe<>t  in  height  tx^^wards  the  river.  Beneath  it  is  the  alluvium 
No.  0,  consisting  of  a  red  sandy  clay,  which  must  have  covered  the 
bottom  of  the  vulley  when  the  current  of  melted  rock  flowed  down. 
The  bones  found  in  this  alluvium,  which  I  obtained  myself,  consisted 
of  a  speeies  of  field-mouse,  Arvicohiy  and  the  molar  tooth  of  an  extinct 
horse,  E<pimfo!MUU.  The  other  species,  obtained  from  the  same  bed, 
are  referable  to  the  genera  Su$,  Boa,  Ccrvuny  Felisj  Canu,  Martes,  TalpOj 
Sorex,  Ij€pu»y  Sciuousy  Mus,  and  Lotjomi/s,  in  all  no  less  than  forty- 
three  species,  nil  closely  allied  to  recent  animals,  yet  nearly  all  of  them, 
according  to  M.  liravard,  showing  some  points  of  difference,  like  those 
which  Mr.  Owen  discovered  in  the  case  of  the  horse  above  alluded  to. 
The  bones,  also,  of  a  frog,  snake,  and  lizard,  and  of  several  birds,  were 
associated  with  the  fossils  above  enumerated,  ^d  several  recent  land 
shells,  such  as  Cijrhstoma  chyansy  Jlu/ix  horfensiSj  II.  nemoralisy  H.  /«• 
picitlti,  and  CUuisiiia  rwjosa.  If  the  animals  were  drowned  by  floods, 
which  accompanied  the  eruptions  of  the  Puy  de  Tartaret,  they  would  give 
an  exceedingly  modern  geological  date  to  that  event,  which,  must,  in  thai 
case,  have  belonged  to  the  Newer-I^liocene,  or,  perhaps,  the  Post-Plio- 
cene period.  Tliat  the  current,  which  has  issued  from  the  Puy  de  Tar- 
taret, may  nevertheless  be  very  ancient  in  reference  to  the  events  of 
human  history,  wc  may  conclude,  not  only  from  the  divergence  of  the 
mammiferous  fauna  from  that  of  our  dav,  but  from  the  fact  that  a  Roman 
bridge  of  such  form  and  construction  as  continued  in  use  down  to  the 
fifth  century,  but  which  may  be  older,  is  now  seen  at  a  place  about  a 
mile  and  a  half  from  St.  Nectaire.  This  aneient  bridge  spans  the  river 
Couze  with  two  arches,  each  about  14  feet  wide.  These  arches  spring 
from  the  lava  of  Tartaret,  on  both  banks,  showing  that  a  ravine  pre- 
cisely like  that  now  existing,  had  already  been  excavated  by  the  river 
through  that  lava  thirteen  or  fourteen  centuries  ago. 

In  Central  France  there  are  several  hundred  minor  cones,  like  that 
of  Tartaret,  a  number  of  which,  like  Monte  Nuovo,  near  Naples,  may 
have  been  principally  due  to  a  single  eruption.     Most  of  these  cones 
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range  in  a  linear  direction  from  Auvergne  to  the  Yivarais,  and  they 
were  foithfully  described  so  early  as  the  year  1802,  by  M.  de  Montlosier. 
They  have  given  rise  chiefly  to  currents  of  basaltic  lava.  Those  of  Au- 
vergne called  the  Monts  Dome,  placed  on  a  granitic  platform,  form  an 
irregular  ridge  (see  fig.  436),  about  18  miles  in  length,  and  2  in  breadth. 
They  are  usually  truncated  at  the  summit,  where  the  crater  is  often  pre- 
served entire,  the  lava  having  issued  from  the  base  of  the  hill.  ]3ut 
frequently  the  crater  is  broken  down  on  one  side,  where  the  lava  has 
flowed  out.  The  hills  arc  composed  of  loose  scorise,  blocks  of  lava, 
Lapilli,  and  pozzuolana,  with  fragments  of  trachyte  and  granite. 

Put/  de  C6me.  —  The  Puy  de  Come  and  its  lava-current,  near  Cler- 
mont, may  be  mentioned  as  one  of  these  minor  volcanos.  This  conical  hill 
rises  from  the  granitic  platform,  at  an  angle  of  about  40°,  to  the  height 
of  more  than  900  feet.  Its  summit  presents  two  distinct  craters,  one  of 
them  with  a  vertical  depth  of  250  feet.  A  stream  of  lava  takes  its  rise 
at  the  western  base  of  the  hill,  instead  of  issuing  from  cither  crater,  and 
descends  the  granitic  slope  towards  the  present  site  of  the  town  of  Pont 
Gibaud.  Thence  it  pours  in  a  broad  sheet  down  a  steep  declivity  into 
the  valley  of  the  Sioule,  filling  the  ancient  river-channel  for  the  distance 
of  more  than  a  mile.  The  Sioule,  thus  dispossessed  of  its  bed,  has 
worked  out  a  fresh  one  between  the  lava  and  the  granite  of  its  western 
bank ;  and  the  excavation  has  disclosed,  in  one  spot,  a  wall  of  columnar 
basalt  about  50  feet  high.* 

The  excavation  of  the  ravine  is  still  in  progress,  every  winter  some 
columns  of  basalt  being  undermined  and  carried  down  the  channel  of 
the  river,  and  in  the  course  of  a  few  miles  rolled  to  sand  and  pebbles. 
Meanwhile  the  cone  of  Come  remains  stationary,  its  loose  materials 
being  protected  by  a  dense  vegetation,  and  the  hill  standing  on  a  ridge 
not  commanded  by  any  higher  ground  whence  floods  of  rain-water  may 
descend. 

Pvif  Rouge. — At  another  point,  farther  down  the  course  of  the  Sioule, 
we  find  a  second  illustration  of  the  same  phenomenon  in  the  Puy  Rouge, 
a  conical  hill  to  the  north  of  the  village  of  Pranal.  The  cone  is  com- 
posed entirely  of  red  and  black  scoriaj,  tufl?",  and  volcanic  bombs.  On 
its  western  side  there  is  a  worn-down  crater,  whence  a  powerful  stream 
of  lava  has  issued,  and  flowed  into  the  valley  of  the  Sioule.  The  river 
has  since  excavated  a  ravine  through  the  lava  and  subjacent  gneiss,  to 
the  depth  of  400  feet. 

On  the  upper  part  of  the  precipice  forming  the  left  side  of  this  ravine, 
we  see  a  great  mass  of  black  and  red  scoriaceous  lava ;  below  this  a  thin 
bed  of  gravel,  evidently  an  ancient  river-bed,  now  at  an  elevation  of  50 
feet  above  the  channel  of  the  Sioule.  The  gravel  again  rests  upon 
gneiss,  which  has  been  eroded  to  the  depth  of  50  feet.  It  is  quite  evi- 
dent in  this  case,  that,  while  the  basalt  was  gradually  undermined  and 
carried  away  by  the  force  of  running  water,  the  cone  whence  the  lava 
issued  escaped  destruction,  because  it  stood  upon  a  platform  of  gneiss 

*  Scrope's  Central  France,  p.  60,  and  plate. 
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several  hundred  feet  above  the  level  of  the  valley  in  which  the  force  of 
running  water  was  exerted. 

Puy  de  Pariou. — The  brim  of  the  crater  of  the  Puy  de  Pariou,  near 
Clermont,  is  so  sharp,  and  has  been  so  little  blunted  by  time,  that  it 
scarcely  aifords  room  to  stand  upon.  This  and  other  cones  in  an  equally 
remarkable  state  of  integrity  have  stood,  I  conceive  uninjured,  not  in 
tpite  of  their  loose  porous  nature,  as  might  at  first  be  naturally  supposed, 
but  in  consequence  of  it.  No  rills  can  collect  where  all  the  rain  is  in- 
stantly absorbed  by  the  sand  and  sconso,  as  is  remarkably  the  case  on 
Etna ;  and  nothing  but  a  waterspout  breaking  directly  upon  the  Puy  de 
Pariou  could  carry  away  a  portion  of  the  hill,  so  long  as  it  is  not  rent 
or  engulphed  by  earthquakes. 

Hence  it  is  conceivable  that  even  those  cones  which  have  the  freshest 
aspect,  and  most  perfect  shape,  may  lay  claim  to  very  high  antiquity. 
Dr.  Daubeny  has  justly  observed,  that  had  any  of  these  volcanos  been 
in  a  state  of  activity  in  the  days  of  Julius  Csesar,  that  general,  who  en- 
camped upon  the  plains  of  Auvergne,  and  laid  siege  to  its  principal  city 
(Gergovia,  near  Clermont),  would  hardly  have  failed  to  notice  them. 
Had  there  been  any  record  of  their  eruptions  in  the  time  of  Pliny  or  Si- 
donius  Apollinaris,  the  one  would  scarcely  have  omitted  to  make  mention 
of  it  in  his  Natural  History,  nor  the  other  to  introduce  some  allusion  to  it 
among  the  descriptions  of  this  his  native  province.  This  poet's  residence 
was  on  the  borders  of  the  Lake  Aidat,  which  owed  its  very  existence  to 
the  damming  up  of  a  river  by  one  of  the  most  modern  lava-currents.* 

Velay.  —  The  observations  of  M.  Bertrand  de  Done  have  not  yet  es- 
tablished that  any  of  the  most  ancient  volcanos  of  Velay  were  in  action 
during  the  Eocene  periods.  There  are  beds  of  gravel  in  Velay,  as  in 
Auverge,  covered  by  lava  at  different  heights  above  the  channels  of  the 
existing  rivers.  In  the  highest  and  most  ancient  of  these  alluviums  the 
pebbles  are  exclusively  of  granitic  rocks ;  but  in  the  newer,  which  are 
found  at  lower  levels,  and  which  originated  when  the  valleys  had  been 
cut  to  a  greater  depth,  an  intermixture  of  volcanic  rocks  has  been  ob- 
served. 

At  St.  Privat  d'Allier  a  bed  of  volcanic  scoriae  and  tuff  was  discovered 
by  Dr.  Hibbert,  inclosed  between  two  sheets  of  basaltic  lava ;  and  in 
this  tuff  were  found  the  bones  of  several  quadrupeds,  some  of  them 
adhering  to  masses  of  slaggy  lava.  Among  other  animals  were  RhinO' 
ceros  l^torhinusj  Hi/sena  spd^a,  and  a  species  allied  to  the  spotted 

hyaena  of  the  Cape,  together  with  four  undetermined  species  of  deer.f 
The  manner  of  the  occurrence  of  these  bones  reminds  us  of  the  pub- 
lished accounts  of  an  eruption  of  Coseguina,  1835,  in  Central  America 
(see  p.  399),  during  which  hot  cinders  and  scoriae  fell  and  scorched  to 
death  great  numbers  of  wild  and  domestic  animals  and  birds. 

Flomh  du  Cantal  —  In  regard  to  the  age  of  the  igneous  rocks  of  the 

♦  Daubeny  on  Volcanos,  p.  14. 

f  Edin.  Joum.  of  Sci.,  No.  iv.  N.S.  p.  276.  Figures  of  some  of  these  remains 
are  given  by  M.  Bertrand  de  Doue,  Ann.  De  la  Soc.  d'Agricolt.  de  Puy,  182& 
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Cantaly  we  can  at  present  luerely  affirm,  that  thej  overlie  the  Eocene 
lacustrine  strata  of  tliat  country  (see  Map,  p.  179).     They  form  a  great 
dame-shaped  mass,  having  an  average  slope  of  only  4^,  which  has  evi- 
dently been  accumulated,  like  the  cone  of  Etna,  during  a  long  series  of 
eruptions.     It  is  composed  of  trachytic,  phonolitic,  and  basaltic  lavas, 
tuffs,  and  conglomerates,  or  breccias,  forming  a  mountain  several  thou- 
sand feet  in  height.     Dikes  also  of  phonolite,  trachyte,  and  basalt  are 
numerous,  especially  in  the  neighbourhood  of  the  large  cavity,  probably 
once  a  crater,  around  which  the  loftiest  summits  of  the  Cantal  are 
ranged  circularly,  few  of  them,  except  the  Plomb  du  Cantal,  rising  far 
above  the  border  or  ridge  of  this  supposed  crater.     A  pyramidal  hill, 
called  the  Puy  Griou,  occupies  the  middle  of  the  cavity.*     It  is  clear 
that  the  volcano  of  the  Cantal  broke  out  precisely  on  the  site  of  the 
lacustrine  deposit  before  described  (p.  188),  which  had  accumulated  in 
a  depression  of  a  tract  composed  of  micaceous  schist.     In  the  breccias, 
even  to  the  very  summit  of  the  mountain,  we  find  ejected  masses  of  the 
fresh-water  beds,  and  sometimes  fragments  of  flint,  containing  Eocene 
shells.     Valleys  radiate  in  all  directions  from  the  central  heights  of  the 
mountain,  increasing  in  size  as  they  recede  from  those  heights.     Those 
of  the  Cer  and  Jourdanne,  which  are  more  than  20  miles  in  length,  are 
of  great  depth,  and  lay  open  the  geological  structure  of  the  mountain. 
No  alternation  of  lavas  with  undisturbed  Eocene  strata  has  been  ob- 
served, nor  any  tuffs  containing  fresh-water  cells,  although  some  of 
these  tuffs  include  fossil  remains  of  terrestrial  plants,  said  to  imply  seve- 
ral distinct  restorations  of  the  vegetation  of  the  mountain  in  the  inter- 
vals between  great  eruptions.     On  the  northern  side  of  the  Plomb  du 
Cantal,  at  La  Vissiere,  near  Murat,  is  a  spot,  pointed  out  on  the  Map 
(p.  179),  where  fresh- water  limestone  and  marl  are  seen  covered  by  a 
thickness  of  about  800  feet  of  volcanic  rock.     Shifts  are  here  seen  in 
the  strata  of  limestone  and  marl.f 

Eocene  period.  —  In  treating  of  the  lacustrine  deposits  of  Central 
France,  in  the  fifteenth  chapter,  it  was  stated  that,  in  the  arenaceous 
and  pebbly  group  of  the  lacustrine  basins  of  Auvergne,  Cantal,  and 
Velay,  no  volcanic  pebbles  had  ever  been  detected,  although  massive 
piles  of  igneous  rocks  are  now  found  in  the  immediate  vicinity.  As 
this  observation  has  been  confirmed  by  minute  research,  we  are  war- 
ranted in  inferring  that  the  volcanic  eruptions  had  not  commenced  when 
the  older  subdivisions  of  the  fresh-water  groups  originated. 

In  Cantal  and  Velay  no  decisive  proofs  have  yet  been  brought  to 
light  that  any  of  the  igneous  outbursts  happened  during  the  deposition 
of  the  fresh- water  strata ;  but  there  can  be  no  doubt  that  in  Auvergne 
some  volcanic  explosions  took  place  before  the  drainage  of  the  lakes, 
and  at  a  time  when  the  Upper  Eocene  species  of  animals  and  plants  still 
flourished.     Thus,  for  example,  at  Pont  du  Chateau,  near  Clermont,  a 

*  M4m.  de  la.  Soc.  Q^ol.  de  France,  torn.  i.  p.  175. 

f  See  Lyell  and  Murchison,  Ann.  de  Sci.  Nat,  Got  1829. 
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section  is  seen  in  a  precipice  on  the  right  bank  of  the  river  Allier,  in 
which  beds  of  volcanic  tuff  alternate  with  a  fresh-water  limestone,  which 
is  in  some  places  pure,  but  in  others  spotted  with  fragments  of  volcanic 
matter,  as  if  it  were  deposited  while  showers  of  sand  and  scoriae  were 
projected  from  a  neighbouring  vent.* 

Another  example  occurs  in  the  Puy  de  Marmont,  near  Veyres,  where 
a  fresh-water  marl  alternates  with  volcanic  tuff  containing  Eocene  shells. 
The  tuff  or  breccia  in  this  locality  is  precisely  such  as  is  known  to  result 
from  volcanic  ashes  falling  into  water,  and  subsiding  together  with 
ejected  fragments  of  marl  and  other  stratified  rocks.  These  tuffs  and 
marls  are  highly  inclined,  and  traversed  by  a  thick  vein  of  basalt,  which, 
as  it  rises  in  the  hill,  divides  into  two  branches. 

Gergovia.  —  The  hill  of  Gergovia,  near  Clermont,  affords  a  third 
example.  I  agree  with  MM.  Dufr^noy  and  Jobert  that  there  is  no 
alternation  here  of  a  contemporaneous  sheet  of  lava  with  fresh-water 
strata,  in  the  manner  supposed  by  some  other  observers ;  f  but  the  posi- 
tion and  contents  of  some  of  the  associated  tuffs,  prove  them  to  have 
been  derived  from  volcanic  eruptions  which  occurred  during  the  deposi- 
tion of  the  lacustrine  strata. 

The  bottom  of  the  hill  consists  of  slightly  inclined  beds  of  white  and 
greenish  marls,  more  than  300  feet  in  thickness,  intersected  by  a  dike 
of  basalt,  which  may  be  studied  in  the  ravine  above  the  village  of  Mer- 
dogne.  The  dike  here  cuts  through  the  marly  strata  at  a  considerable 
angle,  producing,  in  general,  great  alteration  and  confusion  in  them  for 
some  distance  from  the  point  of  contact.     Above  the  white  and  green 
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marls,  a  series  of  beds  of  limestone  and  marl,  containing  fresh-water 
shells,  are  seen  to  alternate  with  volcanic  tuff.  In  the  lowest  pjirt  of  this 
division,  beds  of  pure  marl  alternate  with  compact  fissile  tuff,  resembling 
some  of  the  subaqueous  tuffs  of  Italy  and  Sicily  called  j><y?en*wo«.  Oc- 
casionally fragments  of  scoriae  are  visible  in  this  rock.     Still  higher  id 


*  See  Scrope's  Central  France,  p.  21. 


f  Ibid.  p.  7. 
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seen  another  group  of  some  thickness,  consisting  exclusively  of  tuff, 
apon  which  lie  other  marly  strata  intermixed  with  volcanic  matter. 
Among  the  species  of  fossil  shells  which  I  found  in  these  strata  were 
Melania  inquinataj  a  Unw,  and  a  Melanopsis,  but  they  were  not  suffi- 
cient to  enable  me  to  determine  with  precision  the  age  of  the  formation. 
There  are  many  points  in  Auvergne  where  igneous  rocks  have  been 
forced  by  subsequent  injection  through  clays  and  marly  limestones,  in 
Buch  a  manner  that  the  whole  has  become  blended  in  one  confused  and 
brccciated  mass,  between  which  and  the  basalt  there  is  sometimes  no 
very  distinct  line  of  demarcation.  In  the  ca^lties  of  such  mixed  rocks 
wo  often  find  calcedony,  and  crystals  of  mesotype,  stilbite,  and  arrago- 
nit€.  To  formations  of  this  class  may  belong  some  of  the  breccias 
immediately  adjoining  the  dike  in  the  hill  of  Gergovia ;  but  it  cannot  be 
contended  that  the  volcanic  sand  and  scorisd  interstratified  with  the  marls 
and  limestones  in  the  upper  part  of  that  hill  were  introduced,  like  the 
dike,  subsequently,  by  intrusion  from  below.  They  must  have  been 
thrown  down  like  sediment  from  water,  and  can  only  have  result^jd  from 
igneous  action,  which  was  going  on  contemporaneously  with  the  deposi- 
tion of  the  lacustrine  strata. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  well  with  the 
proofs,  advert<)d  to  in  the  fifteenth  chapter,  of  the  abundance  of  silez, 
travertin,  and  gypsum  precipitated  when  the  upper  lacustrine  strata  were 
formed ;  for  these  rocks  are  such  as  the  waters  of  mineral  and  thermal 
springs  might  generate. 

Cretacemis  period.  —  Although  we  have  no  proof  of  volcanic  rocks 
erupted  in  England  during  the  deposition  of  the  chalk  and  greensand,  it 
would  be  an  error  to  suppose  that  no  theatres  of  igneous  action  existed 
in  the  cretaceous  period.  M.  Virlet,  in  his  account  of  the  geology  of 
the  Morea,  p.  205,  has  clearly  shown  that  certain  traps  in  Greece,  called 
by  him  ophiolites,  are  of  this  date ;  as  those,  for  example,  which  alter- 
nate conformably  with  cretaceous  limestone  and  greensand  between  Kas- 
tri  and  Damala  in  the  Morea.  They  consist  in  great  part  of  diallage 
rocks  and  serpentine,  and  of  an  amygdaloid  with  calcareous  kernels,  and 
a  base  of  serpentine. 

In  certain  parts  of  the  Morea,  the  age  of  these  volcanic  rocks  is  es- 
tablished by  the  following  proofs ;  first,  the  lithographic  limestones  of 
the  Cretaceous  era  are  cut  through  by  trap,  and  then  a  conglomerate 
occurs,  at  Nauplia  and  other  places,  containing  in  its  calcareous  cement 
many  well-known  fossils  of  the  chalk  and  greensand,  together  with  peb- 
bles formed  of  rolled  pieces  of  the  same  ophiolite,  which  appear  in  the 
dikes  above  alluded  to. 

Period  of  Oolite  and  Lias,  —  Although  the  green  and  serpentinous 
trap  rocks  of  the  Morea  belong  chiefly  to  the  Cretaceous  era,  as  before 
mentioned,  yet  it  seems  that  some  eruptions  of  similar  rocks  began  dur- 
ing  the  Oolitic  period  )*  and  it  is  probable,  that  a  large  part  of  the 

*  Boblaye  and  Virlet,  Morea^  p.  2&. 
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trappean  masses,  called  ophiolites  in  tbc  Apennines,  and  associated  with 
the  limestone  of  that  chain,  are  of  corresponding  age. 

That  part  of  the  volcanic  rocks  of  the  Hebrides,  in  our  own  country, 
originated  contemporaneously  with  the  Oolite  which  they  traverse  and 
overlie,  has  been  ascertained  by  Prof.  E.  Forbes,  in  1860. 

Trap  of  the  New  Red  Sandstone  period.  —  In  the  southern  part  of 
Devonshire,  trappean  rocks  are  associated  with  New  Red  Sandstone,  and, 
according  to  Sir  H.  de  la  Beche,  have  not  been  intruded  subsequently 
into  the  sandstone,  but  were  produced  by  contemporaneous  volcanic 
action.  Some  beds  of  grit,  mingled  with  ordinary  red  marl,  resemble 
sands  ejected  from  a  crater ;  and  in  the  stratified  conglomerates  occurring 
near  Tiverton  are  many  angular  fragments  of  trap  porphyry,  some  of  them 
one  or  two  tons  in  weight,  intermingled  with  pebbles  of  other  rocks. 
These  angular  fragments  were  probably  thrown  out  from  volcanic  vents, 
and  fell  upon  sedimentary  matter  then  in  the  course  of  deposition.* 

Carboniferous  period. — Two  classes  of  contemporaneous  trap  rocks 
have  been  ascertained  by  Dr.  Fleming  to  occur  in  the  coal-field  of  the 
Forth  in  Scotland.  The  newest  of  these,  connected  with  the  higher  series 
of  coal-measures,  is  well  exhibit€d  along  the  shores  of  the  Forth,  in  Fife- 
shire,  where  they  consist  of  basalt  with  olivine,  amygdaloid,  greenstone, 
wack^,  and  tuff.  They  appear  to  have  been  erupted  while  the  sediment 
ary  strata  were  in  a  horizontal  position,  and  to  have  suffered  the  same 
dislocations  which  those  strata  have  subsequently  undergone.  In  the 
volcanic  tuffs  of  this  age  arc  found  not  only  fragments  of  limestone, 
shale,  flinty  slate,  and  sandstone,  but  also  pieces  of  coal. 

The  other  or  older  class  of  carboniferous  traps  are  traced  along  the 
south  margin  of  Stratheden,  and  constitute  a  ridge  parallel  with  the 
Ochils,  and  extending  from  Stirling  to  near  St.  Andrews.  They  consist 
almost  exclusively  of  greenstone,  becoming,  in  a  few  instances,  earthy 
and  amygdaloidal.  They  are  regularly  interstratified  with  the  sandstone, 
shale,  and  ironstone  of  the  lower  Coal-measures,  and,  on  the  East  Lo- 
mond, with  Mountain  Limestone. 

I  examined  these  trap  rocks  in  1838,  in  the  cliffs  south  of  St.  An- 
drews, where  they  consist  in  great  part,  of  stratified  tuffs,  which  are 
curved,  vertical,  and  contorted,  like  the  associated  coal-measures.  In 
the  tuff  I  found  fragments  of  carboniferous  shale  and  limestone,  and 
intersecting  veins  of  greenstone.  At  one  spot,  about  two  miles  from 
St.  Andrews,  the  encroachment  of  the  sea  on  the  cliffs  has  isolated 
several  masses  of  traps,  one  of  which  (fig.  482)  is  aptly  called  the 
"rock  and  spindle, "f  for  it  consists  of  a  pinnacle  of  tuff,  which  mar 
be  compared  to  a  distaff,  and  near  the  base  is  a  mass  of  columnar 
greenstone,  in  which  the  pillars  radiate  from  a  centre,  and  appear  at 
a  distance  like  the  spokes  of  a  wheel.     The  largest  diameter  of  this 

•  De  la  Beche,  Geol.  Proceedings,  No.  41,  p.  196. 

f  **  The  rock,"  as  English  readers  of  Bums'  poems  may  remember,  ia  a  Sootoh 
term  for  distaff. 


i^i'.u.  c,  StnUaed  luff. 

vheel  is  aboot  twelve  feet,  and  the  polygonal  tcnniDationB  of  the  co-- 
n(.u3.  lumns  are  seen  round  the  circumference  (or  dre  aa  it 

were,  of  the  wheeJ),  aa  ia  the  aecorapanying  fignre.    I 
9  to  be  the  extremity  of  a  string  or 
I  of  grcesBtoQC,  which  penetrated  the  tuff.     The 
prisms  point  in  every  direction,  beoaaae  they  were  put- 

^      rotmded  on  all  sideB  by  cooling  surfaces,  to  which  they 

iniuorgrHiitiDoe,  »1'"^7B  arrange  themselvfs  at  right  angles,  as  before- 
'"'"       expired  (p.  885). 
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A  trap  dike  was  pointed  oat  to  me  bj  Dr.  Flemings  in  the  pariah  of 
FHsk,  in  the  northern  part  of  Fifeshire,  which  cuta  through  the  grej 
aandittoQc  and  shale,  forming  the  lowest  part  of  the  Old  Red  Sandstone. 
It  may  be  traced  for  many  miles,  passing  through  the  amjgdaloidal  and 
other  traps  of  the  hill  called  Normans  Law.  In  its  course  it  affords  a 
good  exomplification  of  the  passage  from  the  trappean  into  the  plutonic, 
or  highly  crystalline  texture.  Professor  Gustavus  Rose,  to  whom  I 
submitted  specimens  of  this  dike,  finds  the  rock,  which  he  calls  dolerite, 
to  consist  of  greenish  black  augite  and  Labrador  felspar,  the  latter  being 
the  most  abundant  ingredient.  A  small  quantity  of  magnetic  iron,  per- 
haps titanifcrous,  is  also  present  The  result  of  this  analysis  is  interest- 
ing, because  both  the  ancient  and  modem  lavas  of  Etna  consist  in  like 
manner  of  augite,  Labradorite,  and  titaniferous  iron. 

Tmp  of  the  Old  Red  tandUone  period.  —  By  referring  to  the  section 
explanatory  of  the  structure  of  For&rshire,  already  given  (p.  48),  the 
reader  will  perceive  that  beds  of  conglomerate.  No.  3,  occur  in  the  mid- 
dle of  the  Old  Red  sandstone  system,  1,  2,  3,  4.  The  pebbles  in  these 
conglomerates  are  sometimes  composed  of  granitic  and  quarts  rocks, 
itomctimes  exclusively  of  different  varieties  of  trap,  which,  although 
purp«>8ely  omitted  in  the  above  section,  are  often  found  either  intruding 
themselves  in  amorphous  masses  and  dikes  into  the  old  fossiliferooB  tik- 
stones,  No.  4,  or  alternating  with  them  in  conformable  beds.  All  the 
different  divisions  of  the  red  sandstone,  1, 2, 3,  4,  are  occasionally  inter- 
sected by  dikes,  but  they  are  ver}-  rare  in  Nob.  1  and  2,  the  upper  mem- 
bers of  the  group  consisting  of  red  shale  and  red  sandstone.  These 
phenomena,  which  occur  at  the  foot  of  the  Grampians,  are  repeated  in 
the  Sidlaw  Hills ;  and  it  appears  that  in  this  part  of  Scotland,  volcanic 
•eruptions  were  most  frequent  in  the  earlier  part  of  the  Old  Red  sand- 
stone period. 

T\w  trap  rocks  alluded  to  consist  chiefly  of  felspathic  porphyry  and 
amygdaloid,  the  kernels  of  the  latter  being  sometimes  calcareous,  often 
calcedonic,  and  forming  beautiful  agates.  We  meet  also  with  claystone, 
clinkstone,  greenstone,  compact  felspar,  and  tuff.  Some  of  these  rocks 
flowed  as  lavas  over  the  bottom  of  the  sea,  and  enveloped  quarts  pebbles 
which  were  l3'ing  there,  so  as  to  form  conglomerates  with  a  base  of  green- 
stone, as  is  seen  in  Lumley  Den,  in  the  Sidlaw  Hills.  On  either  side  of 
the  axis  of  this  chain  of  hills  (see  section,  p.  48),  the  beds  of  massive 
trap,  and  the  tuffs  composed  of  volcanic  sand  and  ashes,  dip  regularly  to 
the  south-east  or  north-west,  conformably  with  the  shales  and  sandstones. 

Silurian  period.  —  It  appears  from  the  investigations  of  Sir  R.  Mur- 
chison  in  Shropeshire,  that  when  the  lower  Silurian  strata  of  that  conuty 
were  accumulating,  there  were  frequent  volcanic  eruptions  beneath  the 
sea;  and  the  ashes  and  scorisB  then  ejected  gave  rise  to  a  peculiar  kind 
of  tufaceous  sandstone  or  grit,  dissimilar  to  the  other  rocks  of  the  Silu- 
rian series,  and  only  observable  in  places  where  syenitic  and  other  trap 
rocks  protrude.  These  tufis  occur  on  the  flanks  of  the  Wrekin  and 
Caer  Caradoc,  and  contain  Silurian  fossils^  such  as  casts  of  encrinites, 
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trilobites,  and  mollusca.  Although  fossiliferous,  the  stone  resembles  a 
sandy  claystone  of  the  trap  family.* 

Thin  layers  of  trap,  only  a  few  inches  thick,  alternate,  in  some  parts 
^f  Shropshire  and  Montgomeryshire,  with  sedimentary  strata  of  the 
lower  Silurian  system.  This  trap  consists  of  slaty  porphyry  and  granu- 
lar felspar  rock,  the  beds  being  traversed  by  joints  like  those  in  the 
"issociated  sandstone,  limestone,  and  shale,  and  having  the  same  strike 
and  dip.f 

In  Radnorshire  there  is  an  example  of  twelve  bands  of  stratified  trap, 
alternating  with  Silurian  schista  and  flagstones,  in  a  thickness  of  350 
feet.  The  bedded  traps  consist  of  felspar-porphyry,  clinkstone,  and 
other  varieties ;  and  the  interposed  Llandeilo  flags  are  of  sandstone  and 
shale,  with  trilobites  and  graptolites.^ 

The  vast  thickness  of  contemporaneous  trappean  rocks  of  lower  Silu- 
rian date  in  North  Wales,  explored  by  our  government  surveyors,  has 
been  already  alluded  to.§ 

Cambrian  volcanic  rocks. — Professor  Sedgwick,  in  his  account  of  the 
geology  of  Cumberland,  has  described  various  trap  rocks  which  accom- 
pany ^e  green  slates  of  the  Cambrian  system,  beneath  all  the  rooks 
containing  organic  remains.  Different  felspathic  and  porphyritic  rocks 
and  greenstones  occur,  not  only  in  dikes,  but  in  conformable  beds ;  and 
there  is  occasionally  a  passage  from  these  igneous  rocks  to  some  of  the 
green  quartzose  slates.  Professor  Sedgwick  supposes  these  porphyries 
to  have  originated  contemporaneously  with  the  stratified  chloritic  slateS| 
the  materials  of  the  slates  having  been  supplied,  in  part  at  least,  by 
submarine  eruptions  oftentimes  repeated.  | 


*  MarohisoD,  Silarian  System,  &o.,  p.  230. 

t  Ibid.,  p.  272.  t  I*>id.»  p.  826. 

I  Chap    "LXYIL,  p.  856.  ||  Qeol.  Trans.,  2d  series,  vol.  iv.  p.  66. 
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CHAPTER  XXXni. 

PLUTONIC   ROCKS  —  GRANITE. 

General  aspect  of  granite — Decomposing  into  spherical  masses — Rude  colomnar 
structure — Analogy  and  diflference  of  Tolcanio  and  plutonic  formations — Mioe- 
rals  in  granite,  and  their  arrangement — Graphic  and  porphyritic  granite  — 
Mutual  penetration  of  crystals  of  quarts  and  felspar — Occadonal  minerals — 
Syenite— Syenitio,  talcose,  and  schorly  granites — Eurite — Passage  of  granite 
into  trap— Examples  near  Chiistiania  and  in  Aberdeenshire — Analogy  in  com- 
position of  trachyte  and  granite  —  Granite  reins  in  Glen  Tilt,  Cornwall,  the 
Valorsine,  and  other  countries — Different  composition  of  veins  firom  main  body 
of  granite  —  Metalliferous  veins  in  strata  near  their  junction  with  granite  — 
Apparent  isolation  of  nodules  of  granite — Quartz  veins  ^  Whether  plutonic 
rocks  are  ever  overlying  —  Their  exposure  at  the  surface  due  to  denudation. 

The  plutonic  rocks  may  be  treated  of  next  in  order,  as  thej  are  most 
nearly  allied  to  the  volcanic  class  already  considered.  I  have  described, 
in  the  first  chapter,  these  plutonic  rocks  as  the  unstratified  diviaon  ci 
the  crystalline  or  hypogenc  formations,  and  have  stated  tbat  tbey  differ 
from  the  volcanic  rocks,  not  only  by  their  more  crystalline  texture,  but 
also  by  the  absence  of  tuffs  and  breccias,  which  are  the  products  of  erup- 
tions at  the  earth's  surface,  or  beneath  seas  of  inconsiderable  depth. 
They  differ  also  by  the  absence  of  pores  or  cellular  cavities,  to  which  the 
expansion  of  the  entangled  gases  gives  rise  in  ordinary  lava.  From  these 
and  other  peculiarities,  it  has  been  inferred,  that  the  granites  have  been 
formed  at  considerable  depths  in  the  earth,  and  have  cooled  and  crystal- 
lized slowly  under  great  pressure,  where  the  contained  gases  could  not 
expand.  The  volcanic  rocks,  on  the  contrary,  although  they  also  have 
rifH^n  up  from  below,  have  cooled  from  a  melted  state  more  rapidly  upon 
or  near  the  surface.  From  this  hypothesis  of  the  great  depth  at  which 
the  granites  originated,  has  been  derived  the  name  of  "  Plutonic  rocks." 
The  beginner  will  easily  conceive  that  the  influence  of  subterranean  heat 
may  extend  downwards  from  the  crater  of  every  active  volcano  to  a  great 
depth  below,  perhaps  several  miles  or  leagues,  and  the  effects  which  are 
produced  deep  in  the  bowels  of  the  earth  may,  or  rather  must  be,  dis- 
tinct y  SO  that  volcanic  and  plutonic  rocks,  each  different  in  texture,  and 
sometimes  even  in  composition,  may  originate  simultaneously,  the  one 
at  the  surface,  the  other  far  beneath  it. 

By  some  writers,  all  the  rocks  now  under  consideration  have  been 
comprehended  under  the  name  of  granite,  which  is,  then,  understood  to 
embrace  a  large  family  of  crystalline  and  compound  rocks,  usually  found 
undetlying  all  other  formations ;  whereas  we  have  seen  that  trap  very 
commonly  overlies  strata  of  different  ages.  Granite  often  preserves  a 
very  uniform  character  throughout  a  wide  range  of  territory,  forming 
hiUs  of  a  peculiar  rounded  form,  usually  clad  with  a  scan^  yegetaiioa 
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The  Bur&ce  of  the  rack  is  for  the  most  part  in  a  crumbling  state,  and 
the  bills  are  o^n  surmounted  by  piles  of  stones  like  the  remains  of  a 
stratified  mass,  as  id  the  annexed  figure,  and  sometimes  like  heaps  of 
Donlders,  for  which  they  have  been  mistaken.     The  exterior  of  these 
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stones,  originally  quadrangular,  acquires  a  rounded  form  by  the  action 
of  air  and  water,  for  the  edges  and  angles  waste  away  more  rapidly  than 
the  sides.  A  similar  spherical  structure  has  already  been  described  as 
characteristic  of  basalt  aod  other  volcanic  formations,  and  it  must  be 
referred  to  analogous  causes,  as  yet  but  imperfectly  understood. 

Although  it  is  the  general  peculiarity  of  granite  to  assume  no  definite 
shapes,  it  is  neverthclese  occasionally  subdivided  by  fissures,  so  as  to 
assume  a  cuboidal,  and  cvca  a  columnar  structure.  Examples  of  these 
appearances  may  bo  seen  near  the  Land's  End,  in  Cornwall.  (See 
figure.) 


The  plutonic  formations  also  agree  with  the  volcanic,  in  having  veins 
at  nmificatious  proceeding  from  central  masses  into  the  &4i*>'i^i'V  rocks, 
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and  Munng  alteratioiu  in  these  last,  which  will  be  preaently  descHbed. 
^le;  also  resemble  trap  in  containing  no  organic  remuDs;  bnt  they 
differ  in  being  more  uniform  in  texture,  whole  monntaJD  msssea  of  inde- 
finite extent  appearing  to  have  originated  under  cooditions  precisely 
umiUr.  They  also  differ  in  never  being  scoriaceoua  or  amygdaloida], 
aad  never  forming  a  porphyr}-  with  an  ancryBtalline  base,  or  alteroatiog 
witli  tuffs.  Not  do  they  form  conglomerates,  although  there  is  aometimea 
aa  insensible  passage  from  a  fine  to  a  coarse  gruncd  granite,  and  occa- 
aionally  patches  of  a  fine  texture  are  imbedded  ia  a  coarser  variety. 

Felspar,  qoarti,  and  mica  are  usually  considered  as  the  minerals 
eaaential  to  granite,  the  felspar  being  most  abnodant  in  quantity,  and 
the  proportion  of  quartz  exceeding  that  of  mica.  These  minerals  are 
united  in  what  is  termed  a  confused  crystalliution ;  that  ia  to  say,  there 
IB  no  regular  arrangement  of  the  crystals  in  granil«,  as  in  gneiss  (see 
fig.  486),  except  in  the  variety  termed  grsphio  granite,  which  ocvnn 
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mostly  in  granitic  veins.  This  variety  is  a  compound  of  felspar  aad 
quart!,  so  arranged  as  to  produce  an  imperfect  luminor  structure.  The 
crystals  of  felspar  appear  to  have  been  first  formed,  leaving  between 
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them  the  space  now  occupied  by  the  darker-coloured  quartz.  This  m 
eral,  when  a  section  is  made  at  right  angles  to  the  alternate  plates 
felspar  and  quarts,  presents  broken  lines,  which  have  been  comparet 
Hebrew  chBiacters. 

As  a  general  rule,  quartan  in  a  compact  or  amorphona  state,  fc 
a  vitreooB  mass,  serving  as  the  base  in  which  felspar  and  micft 
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cryet&lluted ;  for  although  these  miserols  are  much  mora  fiuible  thu 
sjlez,  they  have  often  imprinted  their  shapes  upon  the  quartz.  This 
&ct,  apparently  bo  paradoxical,  has  given  riae  to  mnch  ingenious  specu- 
lation. We  should  natarally  have  anticipated  that,  during  the  cooling 
of  the  mass,  the  flinty  portion  would  be  the  first  to  consolidate;  and 
that  the  diScrent  varieties  of  felspar,  as  well  as  garnets  and  tourmalines, 
heing  more  ea»ly  liquefied  by  beat,  would  be  the  last.  Precisely  the 
reverse  has  taken  place  in  the  passage  of  most  granitic  aggregates  from 
a  fluid  to  a  solid  stale,  crystals  of  the  more  fusible  minerals  being  found 
enveloped  in  hard,  transparent,  glossy  quarts,  which  has  often  taken 
very  faithful  casts  of  each,  so  as  to  preserve  even  the  microscopically 
minnte  striatjons  on  the  surface  of  prisms  of  tourmaline.  Vsrions  ex- 
planations of  this  phenomenon  have  been  proposed  by  MM.  de  Bcan- 
iDont,  Foumct,  and  Durocher.  They  refer  to  M.  Gaudin's  experiments 
on  the  fusion  of  quartz,  which  show  that  silex,  as  it  cools,  has  the  pro- 
perty of  remaining  in  a  viscous  state,  whereas  alumina  never  does.  This 
"gelatinous  flint"  is  supposed  to  retain  a  considerable  degree  of  plasti- 
city long  after  the  granitic  mixture  has  acquired  a  low  temperature; 
and  M.  E.  de  Beanmont  suggests,  that  electric  action  may  prolong  the 
duration  of  the  viscosity  of  silex.  Occasionally,  however,  we  find  the 
quartz  and  felspar  mutually  imprinting  their  forms  on  each  other,  afford* 
ing  evidence  of  the  simullaneous  crystal liiotion  of  both.* 

Porphyrilir  graitife.  —  This  name  has  been  sometimes  given  to  that 
variety  in  which  large  crystals  of  felspar,  sometimes  more  than  3  inches 
m  length,  arc  scattered  through  an  ordinary  base  of  granite.  An 
example  of  this  texture  may  be  seen  in  the  granite  of  the  Land's  End, 
in  Cornwall   (fig.  489).     The   two  larger   prisma^c  crystals  in   this 
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drawing  represent  felspar,  smaller  crystals  of  which  are  also  seen,  umilar 
in  form,  scattered  through  the  base.  In  this  base  also  appear  black 
specks  of  mica,  the  crystals  of  which  have  a  more  or  less  perfect  hex- 
agonal outline.  The  remainder  of  the  mass  is  quartz,  the  translucency 
of  which  is  strongly  contrasted  to  the  opaqueness  of  the  white  felspar 
and  black  mica.  But  neither  the  transparency  of  the  quartz,  nor  the 
silvery  lustre  of  the  mica,  can  bo  expressed  in  the  eugiaviDg. 

*  BoUttin,  2d  abrit,  iv.  1804;  and  Arobisc,  Hist  de*  Progris  de  QsoL,  L  88. 
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The  unifonn  mineral  churacter  of  large  migacfl  of  granita  aeema  to 
indicate  that  large  quantities  of  the  component  elements  were  thoronglilj 
mixed  up  together,  and  then  crystalliied  under  preciaelj  similar  o(»di- 
tions.  There  are,  however,  many  accidental,  or  '<  occasional,"  minenls, 
as  thej  are  termed,  which  belong  to  granite.  Among  these  black  schorl 
or  tourmaline,  actinolite,  sircon,  garnet,  and  fluor  spar,  are  nol  unoom- 
mon ;  but  thcj  are  too  sparingly  dispersed  to  modify  the  general  aqieet 
of  the  rock.  They  show,  nevertheless,  that  the  ingredients  were  not 
erery where  the  same ;  and  a  still  greater  variation  may  be  traced  in  the 
ever- varying  proportions  of  the  felspar,  quarts,  and  mica. 

SjffHite.  —  When  hornblende  is  the  substitute  for  mica,  which  is  voy 
commonly  the  case,  the  rock  becomes  Syenite  :  so  called  from  the  cele- 
brated ancient  quarries  of  Syene  in  Egypt.  It  has  all  the  appearance 
of  ordinary  granite,  except  where  miDcralogically  examined  in  hand 
specimens,  and  is  fully  entitled  to  rank  as  a  geological  member  cf  the 
same  plutonic  fiunily  as  granite.  Syenite,  however,  afber  maintaining 
the  granitic  character  throughout  extensive  regions,  is  not  uncommonly 
found  to  lose  its  quartz,  and  to  pass  insensibly  into  syenitic  greenstone, 
a  rock  of  the  trap  family.  Werner  considered  syenite  as  a  binary  com- 
pound of  felspar  and  hornblende,  and  regarded  quartz  as  merely  <»ie  of 
its  occasional  minerals. 

Syenitic  granite.^The  quadruple  compound  of  quarts,  felspar,  mica, 
and  hornblende,  may  be  so  termed.  This  rock  occurs  in  Scotland  and 
in  Ouemsey. 

Talco$e  granxtfj  or  Protogine  of  the  French,  is  a  mixture  of  felspar, 
quartz,  and  talc.  It  abounds  in  the  Alps,  and  in  some  parts  of  Corn- 
wall, producing  by  its  decomposition  the  china  clay,  more  than  12,000 
tons  of  which  are  annually  exported  from  that  country  for  the  potteries.* 

Schorl  rocky  and  schorfy  granite,  —  The  former  of  these  is  an  aggre- 
gate of  schorl,  or  tourmaline,  and  quartz.  When  felspar  and  mica  are 
also  present,  it  may  be  called  schorly  granite.  This  kind  of  granite  is 
comparatively  rare. 

Eurite.  —  A  rock  in  which  all  the  ingredients  of  granite  are  blended 
into  a  finely  granular  mass.  Crystals  of  quartz  and  mica  are  sometimes 
scattered  through  the  base  of  Eurite. 

Pegmatite, — A  name  given  by  French  writers  to  a  variety  of  granite ; 
a  granular  mixture  of  quartz  and  felspar;  frequent  in  granite  veins; 
passes  into  graphic  granite. 

All  these  granites  pass  into  certain  kinds  of  trap,  a  circumstance  which 
affords  one  of  many  arguments  in  fiivour  of  what  is  now  the  prevailing 
opinion,  that  the  granites  are  also  of  igneous  origin.  The  contrast  of 
the  most  crystalline  form  of  granite,  to  that  of  the  most  common  and 
earthy  date,  is  undoubtedly  great;  but  each  member  of  the  volcanic 
class  is  capable  of  becoming  porphyritic,  aod  the  base  of  the  porphyry 
may  be  more  and  more  crystalline,  until  the  mass  passes  to  the  kind  of 
granite  most  nearly  allied  in  mineral  composition. 

*  Boase  on  Primaiy  Geology,  p,  16. 
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•  The  minerals  which  constitute  alike  the  granitic  and  volcanic  rocks 
consist,  almost  exclusively,  of  seven  elements,  namely,  silica,  alumina; 
magnesia,  lime,  soda,  potash,  and  iron ;  and  these  may  sometimes  exist 
in  ahout  the  same  proportions  in  a  porous  lava,  a  compact  trap,  or  a  crys- 
talline granite.  It  may  perhaps  be  found,  on  farther  examination  —  for 
on  this  subject  we  have  yet  much  to  learn  —  that  the  presence  of  these 
elements  in  certain  proportions  is  more  favourable  than  in  others  to  their 
assuming  a  crystalline  or  true  granitic  structure ;  but  it  is  also  ascer- 
tained by  experiment,  that  the  same  materials  may,  under  different  cir- 
cumstances, form  very  different  rocks.  The  same  lava,  for  example, 
may  be  glassy,  or  scoriaceous,  or  stony,  or  porphyritic,  according  to  the 
more  or  less  rapid  rate  at  which  it  cools ; '  and  some  trachytes  and  sye- 
nitic-greenstones  may  doubtless  form  granite  and  syenite,  if  the  crystal- 
lization take  place  slowly. 

It  has  also  been  suggested  that  the  peculiar  nature  and  structure  of 
granite  may  be  due  to  its  retaining  in  it  that  water  which  is  seen  to 
escape  from  lavas  when  they  cool  slowly,  and  consolidate  in  the  atmo- 
sphere. Bontigny's  experiments  have  shown  that  melted  matter,  at  a 
white  heat,  requires  to  have  its  temperature  lowered  before  it  can  va- 
pourize  water ;  and  such  discoveries^  if  they  fail  to  explain  the  manner 
in  which  granites  have  been  formed,  serve  at  least  to  remind  us  of  the 
entire  distinctness  of  the  conditions  under  which  plutonic  and  volcanic 
rocks  must  be  produced.* 

It  would  be  easy  to  multiply  examples  and  authorities  to  prove  the 
gradation  of  the  granitic  into  the  trap  rocks.  On  the  western  side  of 
the  fiord  of  Chnstiania,  in  Norway,  there  is  a  large  district  of  trap^ 
chiefly  greenstone-porphyry,  and  sjcnitic-greenstone,  resting  on  fossilife- 
rous  strata.  To  this,  on  its  southern  limit,  succeeds  a  region  equally 
extensive  of  syenite,  the  passage  from  the  volcanic  to  the  plutonic  rock 
being  so  gradual  that  it  is  impossible  to  draw  a  line  of  demarcation  be- 
tween them. 

"  The  ordinary  granite  of  Aberdeenshire,"  says  Dr.  MacCulloch,  "  is 
the  usual  ternary  compound  of  quartz,  felspar,  and  mica;  but  some- 
times hornblende  is  substituted  for  the  mica.  But  in  many  places  a 
variety  occurs  which  is  composed  simply  of  felspar  and  hornblende ;  and 
in  examining  more  minutely  this  duplicate  compound,  it  is  observed  in 
some  places  to  assume  a  fine  grain,  and  at  length  to  become  undistin- 
guishable  from  the  greenstones  of  the  trap  family.  It  also  passes  in 
the  same  uninterrupted  manner  into  a  basalt,  and  at  length  into  a  soft 
claystone,  with  a  schistose  tendency  on  exposure,  in  no  respect  differing 
from  those  of  the  trap  islands  of  the  western  coast.^f  The  same 
author  mentions,  that  in  Shetland,  a  granite  composed  of  hornblende, 
mica,  felspar,  and  quartz,  graduates  in  an  equally  perfect  manner  into 
basalt.^ 

In  Hungary,  there  are  varieties  of  trachyte,  which,  geologically  speak- 

•  Bulletin,  vol.  iv.,  2d  ser.,  pp.  1318  and  1820. 

t  SjBt  of  OeoL,  Yol.  L  p.  157.  %  I^^^>  P*  ^^^* 
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ing,  trc  of  modem  origin,  in  which  crystals,  not  only  of  micai  bat  cf 
qnarti,  arc  common,  together  with  felspar  and  hornblende.  It  is  easy 
to  conceive  how  such  volcanic  masses  may,  at  a  certain  depth  from  the 
Nir&ce,  |Kifts  downwards  into  granite. 

I  have  already  hinted  at  the  close  analogy  in  the  forms  of  oertaiD 
granitic  and  trappean  veins ;  and  it  will  be  found  that  strata  penetrated 
by  plutonic  nK-ks  have  suffered  changes  very  similar  to  those  exhibited 
near  the  contact  of  volcanic  dike.  Thus,  in  Glen  Tilt,  in  Scotland,  al- 
lemating  strata  of  limestone  and  argillaceous  schist  come  in  contact  with 
a  ma!t8  of  granite.  The  contact  does  not  take  place  as  might  have  been 
looked  for,  if  the  granite  had  been  formed  there  before  the  strata  were 
deposited,  in  which  case  the  section  would  have  appeared  as  in  fig.  490; 
but  the  unif^n  is  as  represented  in  fig.  491,  the  undulating  oatline  of  the 

Fi;;.  490.  Vig.  491. 


Janetion  of  granite  and  anrillaioeoiM  schift  in  Glen 
Tilt    (HMCnllocfa.)* 

granite  intersecting  different  strata,  and  occasionally  intruding  itself  in 
tortuous  veins  into  the  beds  of  clay-slate  and  limestone,  from  which  it 
differs  so  remarkably  in  composition.  The  limestone  is  sometimes 
changed  in  character  by  the  proximity  of  the  granitic  mass  or  its  veins, 
and  acquires  a  more  compact  texture,  like  that  of  homstone  or  chert, 
with  a  Hjiliutory  fracture,  effervescing  feebly  with  acids. 

The  annexed  diagram  (fig.  492)  represents  another  junction,  in  the 
same  district,  where  the  granite  sends  forth  so  many  veins  as  to  reticu- 
late the  limestone  and  schist,  the  veins  diminishing  towards  their  termi- 
nation to  the  thickness  of  a  leaf  of  paper  or  a  thread.  In  some  places 
fragments  of  granite  appear  entangled,  as  it  were,  in  the  limestone,  and 
are  not  visibly  connected  with  any  larger  mass ;  while  sometimes,  on 
the  other  hand,  a  lump  of  the  limestone  is  found  in  the  midst  of  the 
granite.  The  ordinary  colour  of  the  limestone  of  Glen  Tilt  is  lead  blue, 
and  its  texture  large-grained  and  highly  crystalline ;  but  where  it  ap- 
proximates to  the  granite,  particularly  where  it  is  penetrated  by  the 
smaller  veins,  the  crystalline  texture  disappears,  and  it  assumes  an  ap- 
pearance exactly  resembling  that  of  homstone.  The  associated  argillar 
eeous  schist  often  passes  into  hornblende  slate,  where  it  approaches  veiy 
near  to  the  granite.f 

*  Geol.  Trans.,  let  series,  vol.  iii.  pi.  21. 
f  MacGalloch,  Geol.  Trans.,  voL  iiL  p.  260. 
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JunetiDn  of  giuiltii  uid  llmHtooa  In  Qlui  Tilt    (HKCulloch.) 
c.  Onnltn.  t.  UncduiK. 

e.  Blue  •irIIIuxoiu  SchlJl. 

The  coDveraioD  of  the  limcatone  in  these  aud  mauj  other  iiutaiicei 
into  a  siliceous  rock,  effervescing  slowly  with  acids,  would  be  difficult 
of  eiplnnatioD,  were  it  not  ascertained  that  such  limestones  arc  always 
impare,  containing  grains  of  quartz,  mica,  or  felspar  disseminated 
through  iheni.  The  elements  of  these  minerals,  when  the  rock  has 
,__  been  subjected  lo  great  heat,  may  have  been 

fiised,  and  so  spread  more  uniformly  through 
the  whole  mass. 

In  the  plutonic,  as  in  the  volcanic  rocks, 
there  is  every  gradation  from  a  tortuous  vein 
to  the  moat  regular  form  of  a  dike,  such  as 
intersect  the  tuffs  aud  lavas  of  Vesuvius  and 
Etna.  Dikes  of  granite  may  be  seen,  among 
places,  on  tbc  southern  flank  of  Mount  Bat- 
tock,  one  of  the  Onunpiana,  the  opposite 
^^^  walls  sometimes  preserving  an  exact  pan!' 
lelism  for  a  considerahle  distance. 

As  a  general  rule,  however,  granite  veins 
OnniMTiHDftnTtniiiffJviitite.   Jo  all  quarters  of  the  globe  are  more  sinnons 

Tjbl.^Mou„talo,  Cnp,  or  Good     j^    tl,^,;^    ^^^^    jj,^^    (f^^g^    ^f    j^p        J.^^^y 

present  similar  shapes  at  the  most  northern 


point  of  Scotland,  and  the  southernmost  extremity  of  Africa,  : 
Bimezed  drawings  will  show. 

■  Capt  B.  HaU,  Trani.  R07.  80c  Edia.,  vol.  tU. 
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It  ii  Dot  uncommon  for  one  eet  of  granite  Teins  to  inteneet  uwdur; 
Kud  Bomctimci  there  arc  three  ncta,  as  in  the  envinKiB  of  Bddelbo^ 
where  the  granilo  on  the  banka  of  the  river  Necker  is  seen  to  wnwrtrf 
!,  difft^riog  in  colour,  grain,  and  varioo*  pecnliaritiei  tf 
mineral  compoaitioa.   One  <tf  then, 
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which  is  evidentlj  the  second  ii 
age,  is  seen  to  cat  throogh  an  oUs 
gnnito  i  and  another,  still  newcf, 
tnivenea  both  the  seoood  and  iht 
Gret. 

In  Shetland  there  are  two  kindi 
of  granite.  One  of  them  compond 
of  hornblende,  inic«,  Celspar,  ud 
quarts,  is  of  a  dark  colonr,  and  ii 
seen  underlying  gneiaa.  The  otbtr 
ie  >  red  granite,  which  pHietiata 
the    dark   variety  everywhere  is 


The  nccompanjing  sketches  will  explain  the  manner  in  irhich  gramto 
veins  often  nmify  sod  cut  each  other  (figa.  494  and  495).     The;  rep^ 


tnTHTlDK  cniiii,  it  Cupg  Wnlli, ' 


sent  the  niaoDcr  in  which  the  gneiss  at  Cape  Wrath,  in  Suthcrlandshire, 
is  inlcrscttcd  by  veins.  Their  light  colour,  strongly  contrasted  with 
that  of  the  hamblende-schist,  here  associated  with  the  gneiss,  renders 
them  very  conspicuous. 

Granite  very  generally  assumes  a  finer  grain,  and  undergoes  a  change 
in  mineral  composition,  in  the  veins  which  it  sends  into  contigDOas  rocks. 
Thus,  according  to  Professor  Scdwick,  the  main  body  of  the  Cornish 
granite  ia  an  aggregate  of  mica,  (lunrts,  and  felspar;  but  the  veins  an 
sometimes  without  mica,  being  a  granular  aggregate  of  quarts  and  &!• 
spar.  In  other  varieties  quartz  prevails  to  the  almost  entire  esclusim 
both  of  felspar  and  mica ;  in  others,  the  mica  and  quarts  both  disappear, 
and  the  vein  is  eimply  composed  of  white  granular  felspar.^ 

•  KluCnllirah,  Sjit.  of  OmI.,  vol.  i.,  p.  68.         f  l^estera  Islands,  pL  81. 
X  On  Oeol.  of  Cemwnll,  Camb.  Trans.,  toI.  L  p.  124. 
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Fig.  496  is  a  sketch  of  a  group  of  granite  Teins  in  Cornmll,  given 
by  JHesBTB.  Von  OcTtih&men  and  Vod  DechcD.*     Tbe  mun  body  of  Uie 


le  ndu  paalng  tbroogb 


granite  here  ia  of  a  porphyritic  appearance,  with  large  crystals  of  fel- 
spar ;  but  in  the  veina  it  is  fine  grained,  and  without  these  large  crystals. 
The  general  height  of  the  veins  is  from  IS  to  20  feet,  bat  some  are  much 

In  the  Valorsine,  a  valley  not  far  from  Mont  Blano  in  Switzerbnd,  an 
ordinary  granite,  consisting  of  felspar,  quartz,  and  mica,  sends  forth  veins 
into  a  talcose  gneiss  (or  stratified  protogine),  and  in  some  places  lateral 
ramifications  are  thrown  off  from  tbe  principal  veins  at  right  angles  (see 
fig.  497),  the  veins,  especially  the  minute  ones,  being  finer  gruned  than 
the  granite  in  mass. 


Vsliu  at  grmolla  la  talaw  foeLig.    (L.  A  Neeker.) 

It  is  here  remarked,  that  the  schist  and  granite,  as  tbey  approach, 
•eem  to  exercise  a  reciprocal  influence  on  each  other,  for  both  undergo  a 
modification  of  mineral  character.  The  granite,  still  remaining  unstra- 
tified,  becomes  charged  with  green  particles ;  and  the  talcose  gneisa 
aaeumes  a  granttiform  structure  without  losing  its  stratification. | 

•  Phil.  Mag.  and  AnnalB,  No.  27,  new  sarieB,  March,  1829. 
f  Neokcr,  lur  de  Tal.  de  Valoreiae,  Uim.  de  U  Soc.  de  Pbja.  de  O^Dbv*,  1S28. 
I  visited,  ID  1882,  tfaa  spot  rirarred  to  in  fig.  497. 
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Professor  Keilhau  drew  my  attention  to  eevenJ  localities  in  the 
country  near  Christiania,  where  the  mineral  cliancter  tit  gneiss  appears 

to  bavc  been  affected  by  a  granite  of  much  newer  origin,  for  some 
distance  from  the  point  uf  contact.  The  gneiss,  without  losing  its 
laminated  structure,  Kccms  to  have  become  charged  with  a  lai^er 
quantity  of  felspar,  and  that  of  a  redder  colour,  than  the  felspar  osniJIy 
belonging  to  the  gneiss  of  Norway. 

Granite,  syenite,  and  those  porphyries  which  have  a  granitiform 
atructure,  in  short  all  plutonic  rocks,  are  frequently  obserred  to  contain 
metals,  at  or  near  their  junction  with  stratified  formations.  On  the 
other  hand,  the  veins  which  traverse  stratified  rocks  are,  as  a  general  law, 
more  metalliferous  near  auch  junctions  than  in  other  positions.  Hence 
it  has  been  inferred  that  these  metals  may  hare  been  spread  in  a  gascons 
form  through  the  fused  mass,  and  that  the  contact  of  another  rock,  in 
a  different  etate  of  temperature,  or  sometimes  the  existence  of  rents  in 
other  rocks  in  the  vicinity,  may  have  caused  the  sublimation  of  the  me- 
tals.* 

There  are  many  instances,  as  at  Markemd,  near  Christiania,  in  Nor- 
way, where  the  strike  of  the  beds  has  not  been  deranged  throughout  a 
large  area  by  the  intnision  of  granite,  both  in  large  masses  and  in  veina. 
This  faet  is  considered  by  some  geologists  to  militate  against  the  theory 
of  the  forcible  injection  of  granite  in  a  fluid  state.  But  it  may  be  stated 
in  reply,  that  ramifying  dikes  of  trap,  which  almost  all  now  admit  to 
have  been  once  fluid,  pass  through  the  same  fossiliferous  strata,  near 
Christiania,  without  deranging  their  strike  or  dip. I 

The  real  or  apparent  isolation  of  large  or  small  masses  of  granite  de- 
tached from  the  main  body,  as  at  a  fi,  fig.  498,  and  above,  fig.  492,  and 

Ilg.4BS. 


».  Nwker.) 

o,  fig.  497,  has  been  thought  by  some  writers  to  he  irreconcilable  with 
the  doctrine  usually  taught  respecting  veins;  but  many  of  them  may, 
in  fact,  be  sections  of  root-shaped  prolongations  of  granite ;  while,  in 
other  cases,  they  may  in  reality  be  detached  portions  of  rock  having  the 
plutonic  structure.  For  there  may  have  been  spots  in  the  midst  of  the 
invaded  strata,  in  which  there  was  an  assemblage  of  materials  more  fusi- 
ble than  the  rest,  or  more  fitted  to  combine  readily  into  some  form  of 
granite. 

•  Necker,  Ptoceedingi  of  Geol.  Soo.,  No.  26,  p,  892. 

f  Sm  Keilbau'a  Gb*  Koire^ea:  Christiania,  18S8. 
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Vcios  of  pure  <)narti  are  o^en  found  in  granite,  u  in  many  stratified 
rooks,  bat  they  are  not  traceable,  like  veins  of  granite  or  trap,  to  large 
bodies  of  rock  of  similar  compoaitioa.  Thej  appear  to  have  been  cracks, 
into  which  siliceous  matter  was  infiltered.  Such  segregation,  as  it  u 
called,  can  sometimes  be  sbowo  to  have  clearly  taken  place  long  anbse- 
quently  to  the  original  consolidation  of  the  containing  rock.  Thus,  for 
example,  in  the  gneiss  of  Tronstad  Strand,  near  DnLmmeu,  in  Norway, 
the  annexed  section  is  seen  on  the  beach.  It  appears  tliat  the  alternat- 
ing strata  of  whitish  grauitiform  gneiss,  and  black  hornblende- schist,  were 
first  cat  tbroQgh  by  a  greenstone  dike,  about  2i  feet  wide;  then  tie 
crack  a  b  passed  throagh  all  these  rocks,  and  was  Qlled  up  with  quarts. 
The  opposite  walls  of  the  vein  arc  in  some  parts  encrusted  with  transp^ 
rent  crystals  of  qoarti;,  the  middle  of  the  vein  being  filled  up  with  com- 
mon opaque  white  quartz. 

Fig.  4w.  We  have  seen  that  the  volca^ 

nic  fonnations  have  been  called 
overlying,  because  they  not  only 
penetrate  others,  but  spread 
*  over  them.  Mr.  Nccker  has 
proposed  to  call  the  granites 
the  underlying  igneous  rocks, 
and  the  distinction  here  indi- 
cated is  highly  characteristic. 
It  was  indeed  supposed  by  some 
,.  of  the  earlier  observers,  that  the 
granite  of  Christianio,  in  Nor- 
way, was  intercalated  in  mountain  masses  between  tho  primary  or  paleo- 
Eoic  strata  of  that  country,  so  as  to  overlie  fossiliferous  shale  and  lime- 
stone. But  although  the  granite  sends  veins  into  these  fossiliferous  rocks, 
and  IB  decidedly  posterior  in  origin,  ita  actual  superposition  in  mass  has 
been  disproved  by  Professor  Keilhau,  whose  observations  on  this  contro- 
verted point  I  had  opportunities  in  1837  of  verifying.  There  are,  how- 
ever, on  a  smaller  scale,  certain  beds  of  euritic  porphyry,  some  a  few 
feet,  otiicrs  many  yarda  in  thickness,  which  pass  into  granite,  and  deserve 
perhaps  to  be  classed  as  plutonio  rather  than  trappean  rocks,  which  may 
truly  be  described  as  interposed  conformably  between  fossiliferous  strata, 


M  the  porphyi 


fig.  500),  which  divide  the  bituminous  shales  and 


nrgilbceous  limestones,  //.     But  some  of  these  same  porphyriefl  are 
partially  unconformable,  as  b,  and  may  lead  us  to  suspect  that  the  otben 
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also,  notwitlistanding  their  appearance  of  interstratification,  liaYe  been 
forcibly  injected.  Some  of  the  porphjritio  rocks  above  mentioned  are 
highly  quartzose,  others  very  felspathic.  In  proportion  as  the  masses 
are  more  voluminous,  they  become  more  granitic  in  their  texture,  less 
conformable,  and  even  begin  to  send  forth  veins  into  contiguous  strata. 
In  a  word,  we  have  here  a  beautiful  illustration  of  the  intermediate  gra^ 
dations  between  volcanic  and  plutonic  rocks,  not  only  in  their  mineral- 
ogical  composition  and  structure,  but  also  in  theur  relations  of  position 
to  associated  formations.  If  the  term  overlying  can  in  this  instance  be 
applied  to  a  plutonic  rock,  it  is  only  in  proportion  as  that  rock  begins  to 
acquire  a  trappean  aspect. 

It  has  been  already  hinted  that  the  heat,  which  in  every  active  volca- 
no extends  downwards  to  indefinite  depths,  must  produce  simultaneously 
very  different  effects  near  the  surface,  and  far  below  it ;  and  we  cannot 
suppose  that  rocks  resulting  from  the  crystallizing  of  fused  matter  under 
a  pressure  of  several  thousand  feet,  much  less  miles,  of  the  earth's  crust 
can  resemble  those  formed  at  or  near  the  surface.  Hence  the  production 
at  great  depths  of  a  class  of  rocks  analogous  to  the  volcanic,  and  yet 
differing  in  many  particulars,  might  almost  have  been  predicted,  even 
had  wc  no  plutonic  formations  to  account  for.  How  well  these  agree, 
both  in  their  positive  and  negative  characters,  with  the  theory  of  their 
deep  subterranean  origin,  the  student  will  be  enabled  to  judge  by  con- 
sidering the  descriptions  already  given. 

It  has,  however,  been  objected,  that  if  the  granitic  and  volcanic  rocks 
were  simply  different  parts  of  one  great  series,  we  ought  to  find  in  moun- 
tain chains  volcanic  dikes  passing  upwards  into  lava,  and  down?rards  into 
granite.  But  we  may  answer,  that  our  vertical  sections  are  usually  of 
small  extent ;  and  if  we  find  in  certain  places  a  transition  from  trap  to 
porous  lava,  and  in  others  a  passage  from  granite  to  trap,  it  is  as  much 
as  could  be  expected  of  this  evidence. 

The  prodigious  extent  of  denudation  which  has  been  already  demon- 
strated to  have  occurred  at  former  periods,  will  reconcile  the  student  to 
the  belief  that  crystalline  rocks  of  high  antiquity,  although  deep  in  the 
earth's  crust  when  first  formed,  may  have  become  uncovered  and  exposed 
at  the  surface.  Their  actual  elevation  above  the  sea  may  be  referred  to 
the  same  causes  to  which  we  have  attributed  the  upheaval  of  marine 
strata,  even  to  the  summits  of  some  mountain  chains.  But  to  these  and 
other  topics,  I  shall  revert  when  speaking,  in  the  next  chapter,  of  the 
relative  ages  of  different  masses  of  granite. 
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CHAPTER  XXXIV. 
on  thx  different  aqes  of  the  plutonio  bocks. 

IHffieulty  in  ascertaining  the  precise  age  of  a  plutonic  rock  —  Test  of  age  hj 
relative  position — Test  by  intrusion  and  alteration — Test  by  mineral  composi- 
tion— Test  by  included  fragments — Recent  and  Pliocene  plutonio  rocks,  why 
inyisible — Tertiary  plutonic  rocks  in  the  Andes — Granite  altering  Cretaceous 
rocks  —  Granite  altering  Lias  in  the  Alps  and  in  Skye — Granite  of  Dartmoor 
altering  Carboniferous  strata  —  Granite  of  the  Old  Red  Sandstone  period  — 
Syenite  altering  Silurian  strata  in  Norway — Blending  of  the  same  with  gneiss 
—  Most  ancient  plutonio  rocks  —  Granite  protruded  in  a  solid  form  —  On  the 
probable  age  of  the  granites  of  Arran,  in  Scotland. 

When  we  adopt  the  igneous  theory  of  granite,  as  explained  in  the 
last  ch]4)t6r,  and  believe  that  different  plutonic  rocks  have  originated  at 
successive  periods  beneath  the  surface  of  the  planet,  we  must  be  pre- 
pared to  encounter  greater  difficulty  in  ascertaining  the  precise  age  of 
such  rocks,  than  in  the  case  of  volcanic  and  fossiliferous  formations. 
We  must  bear  in  mind,  that  the  evidence  of  the  age  of  each  contempo- 
raneous volcanic  rock  was  derived,  either  from  lavas  poured  out  upon  the 
ancient  surface,  whether  in  the  sea  or  in  the  atmosphere,  or  from  tuffs 
and  conglomerates,  also  deposited  at  the  surface,  and  either  containing 
organic  remains  themselves,  or  intercalated  between  strata  containing 
fossils.  But  all  these  tests  fail  when  we  endeavour  to  fix  the  chrono- 
logy of  a  rock  which  has  crystallized  from  a  state  of  fusion  in  the  bowels 
of  the  earth.  In  that  case,  we  are  reduced  to  the  following  tests ;  1st, 
relative  position ;  2dly,  intrusion,  and  alteration  of  the  rocks  in  contact ; 
Sdly,  mineral  characters ;  4thly,  included  fragments. 

Te9t  of  age  hy  relative  position,  —  Unaltered  fossiliferous  strata  of 
every  age  are  met  with  reposing  immediately  on  plutonic  rocks ;  as  at 
Ghristiania,  in  Norway,  where  the  Newer  Pliocene  deposits  rest  on  gra- 
nite ;  in  Auvergne,  where  the  fresh-water  Eocene  strata,  and  at  Heidel- 
berg, on  the  Rhine,  where  the  New  Red  sandstone,  occupy  a  similar 
place.  In  all  these,  and  similar  instances,  inferiority  in  position  is  con- 
nected with  the  superior  antiquity  of  granite.  The  crystalline  rock  was 
solid  before  the  sedimentary  beds  were  superimposed,  and  the  latter 
usually  contain  in  them  rounded  pebbles  of  the  subjacent  granite. 

Test  hy  intrusion  and  alteration.  —  But  when  plutonic  rocks  send 
veins  into  strata,  and  alter  them  near  the  point  of  contact,  in  the  manner 
before  described  (p.  442),  it  is  clear  that,  like  intrusive  traps,  they  ar& 
newer  than  the  strata  which  they  invade  and  alter.  Examples  of  the 
application  of  this  test  will  be  given  in  the  sequel. 

Test  hy  mineral  composition. — Notwithstanding  a  general  uniformity 
in  the  aspect  of  plutonic  rockS|  we  have  seen  m  ^Jisiib  \»ift»  Oai^t  ^doad^' 
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there  are  many  varieties,  such  as  Syenite,  Talcoee  granite,  and  others. 
One  of  these  varieties  is  sometimes  found  exclusively  prevailing  through- 
out an  extensive  region,  where  it  preserves  a  homogeneous  character;  so 
that  having  ascertained  its  relative  age  in  one  place,  we  can  easily  recog- 
nixe  its  identity  in  others,  and  thus  determine  from  a  single  section  the 
chronological  relations  of  large  mountain  masses.  Having  observed,  fv 
example,  that  the  syenitic  granite  of  Norway,  in  which  the  mineral 
called  zircon  abounds,  has  altered  the  Silurian  strata  wherever  it  is  in 
eontact,  we  do  not  hesitate  to  refer  other  masses  of  the  same  ziroon- 
ayenite  in  the  south  of  Norway  to  the  same  era. 

Some  have  imagined  that  the  age  of  different  granites  might,  to  i 
great  extent,  be  determined  by  their  mineral  characters  alone ;  syenite, 
for  instance,  or  granite  with  hornblende,  heing  more  modem  than  com- 
mon or  micaceous  granite.  But  modem  investigations  have  proved  these 
generalizations  to  have  been  premature.  The  syenitic  granite  of  Nor- 
way already  alluded  to  may  be  of  the  same  age  as  the  Silurian  strata, 
which  it  traverses  and  alters,  or  may  belong  to  the  Old  Red  sandstone 
period ;  whereas  the  granite  of  Dartmoor,  although  consisting  of  miea, 
quartx,  and  felspar,  is  newer  than  the  coal.     (See  p.  456.) 

Test  by  included  fragmeni$.  —  This  criterion  can  rarely  be  of  much 
importance,  because  the  fragments  involved  in  granite  are  usually  lo 
much  altered,  that  they  cannot  be  referred  with  certainty  to  the  rocks 
whence  they  were  derived.  In  the  White  Mountains,  in  North  Ame- 
rica, according  to  Professor  Hubbard,  a  granite  vein  traversing  granite, 
contains  fragments  of  slate  and  trap,  which  must  have  fallen  into  the 
fissure  when  the  fused  materials  of  the  vein  were  injected  from  below,* 
And  thus  the  granite  is  shown  to  be  newer  than  certain  superficial  slaty 
iind  trappean  formations. 

Recent  and  Pliocene  plufontc  rockSy  why  intrmble. — The  explanation 
already  given  in  the  29th  and  in  the  last  chapter,  of  the  probable  rela- 
tion of  the  plutonic  to  the  volcanic  formations,  will  naturally  lead  the 
reader  to  infer,  that  the  rocks  of  the  one  class  can  never  be  produced  at 
•or  near  the  surface  without  some  members  of  the  other  being  formed 
below  simultaneously,  or  soon  afterwards.  It  is  not  uncommon  for  lava- 
streams  to  require  more  than  ten  years  to  cool  in  the  open  air;  and 
where  they  are  of  great  depth  a  much  longer  period.  The  melted 
matter  poured  from  JoruUo,  in  Mexico,  in  the  year  1759,  which  accu- 
mulated in  some  places  to  the  height  of  550  feet,  was  found  to  retain  a 
high  temperature  half  a  century  after  the  eruption.f  We  may  conceive, 
therefore,  that  greut  masses  of  subterranean  lava  may  remain  in  a  red- 
hot  or  incandescent  state  in  the  volcanic  foci  for  immense  periods,  and 
the  process  of  refrigeration  may  be  extremely  gradual.  Sometimes,  in- 
'deed^  this  process  may  be  retarded  for  an  indefinite  period,  by  the  acces- 
aion  of  fresh  supplies  of  heat ;  for  we  find  that  the  lava  in  the  crater  of 
Stromb^li,  one  of  the  Lipari  Islands,  has  been  in  a  state  of  constant 

•  Billiman'a  Jwn^  No.  69,  p.  128.     f  Se«  *<  Principles,''  Index,  "  JomUo." 
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ebullition  for  the  last  two  thousand  years ;  and  we  may  suppose  this 
fluid  mass  to  communicate  with  some  caldron  or  reservoir  of  fused 
matter  below.  In  the  Isle  of  Bourbon,  also,  where  there  has  been  an 
emission  of  lava  once  in  every  two  years  for  a  long  period,  the  lava 
below  can  scarcely  fail  to  have  been  permanently  in  a  state  of  liquefac- 
tion. If  then  it  be  a  reasonable  conjecture,  that  about  2000  volcanic 
eruptions  occur  in  the  course  of  every  century,  either  above  the  waters 
of  the  sea  or  beneath  them,*  it  will  follow  that  the  quantity  of  plutonic 
rock  generated,  or  in  progress  during  the  Recent  epoch,  must  already 
have  been  considerable. 

But  as  the  plutonic  rocks  originate  at  some  depth  in  the  earth's  crust, 
they  can  only  be  rendered  accessible  to  human  observation  by  subsequent 
upheaval  and  denudation.  Between  the  period  when  a  plutonic  rook 
crystallizes  in  the  subterranean  regions,  and  the  era  of  its  protrusion  at 
any  single  point  of  the  surface,  one  or  two  geological  periods  must 
usually  intervene.  {Icnce,  we  must  not  expect  to  find  the  Recent  or 
Newer  Pliocene  granites  laid  open  to  view,  unless  we  are  prepared  to 
assume  that  sufficient  time  has  elapsed  since  the  commencement  of  the 
Newer  Pliocene  period  for  great  upheaval  and  denudation.  A  plutonic 
rock,  therefore,  must,  in  general,  be  of  considerable  antiquity  relatively 
to  the  fossiliferous  and  volcanic  formations,  before  it  becomes  extensively 
-visible.  As  we  know  that  the  upheaval  of  land  has  been  sometimes 
accompanied  in  South  America  by  volcanic  eruptions  and  the  emission 
of  lava,  we  may  conceive  the  more  ancient  plutonic  rocks  to  be  forced 
upwards  to  the  surface  by  the  newer  rocks  of  the  same  class  formed  suc- 
cessively below, — subterposition  in  the  plutonic,  like  superposition  in  the 
sedimentary  rocks,  being  usually  characteristic  of  a  newer  origin. 

In  the  accompanying  diagram  (fig.  501),  an  attempt  is  made  to  show 
the  inverted  order  in  which  sedimentary  and  plutonic  formations  may 
occur  in  the  earth's  crust. 

The  oldest  plutonic  rock.  No.  I.,  has  been  upheaved  at  successive 
periods  until  it  has  become  exposed  to  view  in  a  mountain-chain.  This 
protrusion  of  No.  I.  has  been  caused  by  the  "igneous  agency  which  pro- 
duced the  newer  plutonic  rocks  Nos.  II,,  III.,  and  IV.  Part  of  the 
primary  fossiliferous  strata,  No.  1,  have  also  been  raised  to  the  surface 
by  the  same  gradual  process.  It  will  be  observed  that  the  Recent 
strata  No.  4,  and  the  Recent  granite  or  plutonic  rock  No.  IV.,  are  the 
most  remote  from  each  other  in  position,  although  of  contemporaneous 
date.  According  to  this  hypothesis,  the  convulsions  of  many  periods 
will  be  required  before  Recent  granite  will  be  upraised  so  as  to  form  the 
highest  ridges  and  central  axes  of  mountain-chains.  During  that  time 
the  Recent  strata  No.  4  might  be  covered  by  a  great  many  newer  sedi- 
mentary formations. 

Eocene  granite  and  plutonic  rocks. — In  a  former  part  of  this  volume 
(p.  205),  the  great  nummulitic  formation  of  the  Alps  and  Pyrenees  was 

*  **  Principles,"  IndeZy  **  Volcanio  Em^UoiA.** 
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referred  to  the  Eocene  period,  and  it  follows  that  those  vast  moTementa 
which  have  raised  fossiliferous  rocks  from  the  level  of  the  sea  to  the 
height  of  more  than  10,000  feet  ahove  its  level  have  taken  place  since 
the  commencement  of  the  tertiary  epoch.  Here,  therefore,  if  anywhere, 
we  might  expect  to  find  hypogenic  formations  of  Eocene  date  breaking 
out  in  the  central  axis  or  most  disturbed  region  of  the  loftiest  chain  in 
Enrope.  Accordingly,  in  the  Swiss  Alps,  even  ihejlyschy  or  upper  por- 
tion of  the  nummulitic  series,  has  been  occasionally  invaded  by  plutonio 
rocks,  and  converted  into  crystalline  schists  of  the  hypogene  claas. 
There  can  be  little  doubt  that  even  the  talcose  granite  of  Mont  Blano 
itself  has  been  in  a  fused  or  pasty  state  since  the  Jlyach  was  deposited 
at  the  bottom  of  the  sea ;  and  the  question  as  to  its  age  is  not  so  muoh 
whether  it  be  a  secondary  or  tertiary  granite,  as  whether  it  should  be 
assigned  to  the  Eocene  or  Miocene  epoch. 

Great  upheaving  movements  have  been  experienced  in  the  region  of 
the  Andes,  during  the  Post-Pliocene  period.  In  some  part,  therefore, 
of  this  chain,  we  may  expect  to  discover  tertiary  plutonic  rocks  laid  open 
to  view.  What  we  already  know  of  the  structure  of  the  Chilian  Andes 
seems  to  realize  this  expectation.  In  a  transverse  section,  examined  by 
Mr.  Darwin,  between  Valparaiso  and  Mendoza,  the  Cordillera  was  found 
to  consist  of  two  separate  and  parallel  chains,  formed  of  sedimentary 
rocks  of  different  ages,  the  strata  in  both  resting  on  plutonic  rocks,  by 
which  they  have  been  altered.  In  the  western  or  oldest  range,  called 
the  Peuquencs,  are  black  calcareous  clay-slates,  rising  to  the  height  of 
nearly  14,000  feet  above  the  sea,  in  which  are  shells  of  the  genera  Gry-' 
phea,  Turritellaf  Terebratula,  and  Ammonite,  These  rocks  are  sup- 
posed to  be  of  the  age  of  the  central  parts  of  the  secondary  series  of 
Europe.  They  are  penetrated  and  altered  by  dikes  and  mountain  masses 
of  a  plutonic  rock,  which  has  the  texture  of  ordinary  granite,  but  rarely 
contains  quartz,  being  a  compound  of  albite  and  hornblende. 

The  second  or  eastern  chain  consists  chiefly  of  sandstones  and  con- 
glomerates, of  vast  thickness,  the  materials  of  which  are  derived  firom 
the  ruins  of  the  western  chain.  The  pebbles  of  the  conglomerates  are, 
for  the  most  part,  rounded  fragments  of  the  fossiliferous  slates  before 
mentioned.  The  resemblance  of  the  whole  series  to  certain  tertiary 
deposits  on  the  shores  of  the  Pacific,  not  only  in  mineral  character,  but 
in  the  imbedded  lignite  and  silicified  woods,  leads  to  the  conjecture  that 
they  also  are  tertiary.  Yet  these  strata  are  not  only  associated  with  trap 
rocks  and  volcanic  tuffs,  but  are  also  altered  by  a  granite  consisting  of 
quartz,  felspar,  and  talc.  They  are  traversed,  moreover,  by  dikes  of  the 
same  granite,  and  by  numerous  veins  of  iron,  copper,  arsenic,  silver,  and 
gold ;  all  of  which  can  be  traced  to  the  underlying  granite.*  We  have, 
therefore,  strong  ground  to  presume  that  the  plutonic  rock,  here  exposed 
on  a  large  scale  in  the  Chilian  Andes,  is  of  later  date  than  certain  terti- 
ary formations. 

*  Darwin,  pp.  890,  406;  second  ^^^on^  'V*  ^V^* 
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But  the  theory  adopted  in  this  work  of  the  subterranean  origin  of  the 
hjpogcne  formations  would  be  untenable,  if  the  supposed  fiict  here 
alluded  to,  of  the  appearance  of  tertiary  granite  at  the  surface  was  not 
a  rare  exception  to  the  general  rule.  A  considerable  lapse  of  time  must 
intervene  between  the  formation  in  the  nether  regions  of  plutonic  and 
metamorphic  rocks,  and  their  emergence  at  the  surface.  For  a  long 
series  of  subterranean  movements  must  occur  before  such  rocks  can  be 
uplifted  into  the  atmosphere  or  the  ocean  -,  and,  before  they  can  be  ren- 
dered visible  to  man,  some  strata  which  previously  cohered  them  must 
usually  have  been  stripped  off  by  denudation. 

We  know  that  in  tbe  Bay  of  Baise,  in  1538,  in  Cutch  in  1819,  and 
on  several  occasions  in  Peru  and  Chili,  since  the  commencement  of  tbe 
present  century,  the  permanent  upheaval  or  subsidence  of  land  has  been 
accompanied  by  the  simultaneous  emission  of  lava  at  one  or  more  points 
in  the  same  volcanic  region.  From  these  and  other  examples  it  may  be 
inferred  that  the  rising  or  sinking  of  the  earth's  crust,  operations  by 
which  sea  is  converted  into  land,  and  land  into  sea,  are  a  part  only  of 
the  consequences  of  subterranean  igneous  action.  It  can  scarcely  be 
doubted  that  this  action  consists,  in  a  great  degree,  of  the  baking,  and 
occasionally  the  liquefaction,  of  rocks,  causing  them  ta  assume,  in  some 
oases  a  larger,  in  other  a  smaller  volume  than  before  the  application  of 
heat.  It  consists  also  in  the  generation  of  gases,  and  their  expansion 
by  heat,  and  the  injection  of  liquid  matter  into  rents  formed  in 
superincumbent  rocks.  The  prodigious  scale  on  which  these  subterranean 
causes  have  operated  in  Sicily  since  the  deposition  of  the  Newer 
Pliocene  strata  will  be  appreciated,  when  we  remember  that  throughout 
half  the  surface  of  that  island  such  strata  are  met  with,  raised  to  the 
height  of  from  60  to  that  of  2000  and  even  3000  feet  above  the  level 
of  the  sea.  In  the  same  island  also  the  older  rocks  which  are  contiguous 
to  these  marine  tertiary  strata  must  have  undergone,  within  the  same 
period,  a  similar  amount  of  upheaval. 

The  like  observations  may  be  extended  to  nearly  the  whole  of  Europe, 
for,  since  the  commencement  of  the  Eocene  period,  the  entire  European 
area,  including  some  of  the  central  and  very  lofty  portions  of  the  Alps 
themselves,  as  I  have  elsewhere  shown*,  has,  with  the  exception  of  a 
few  districts,  emerged  from  the  deep  to  its  present  altitude ;  and  even 
those  tracts,  which  were  already  dry  land  before  the  Eocene  era,  have 
almost  everywhere  acquired  additional  height.  A  large  amount  of 
subsidence  has  alsa  occurred  during  the  same  period,  so  that  the 
extent  of  the  subterranean  spaces  which  have  either  become  the 
receptacles  of  sunken  fragments  of  the  earth's  crust,  or  have  been  ren- 
dered capable  of  supporting  other  fragments  at  a  much  greater  height 
than  before,  must  be  so  great  that  they  probably  equal,  if  not  exceed  in 
volume,  the  entire  continent  of  Europe.  We  are  entitled,  therefore,  to 
ask  what  amount  of  change  of  equivalent  importance  can  be  proved  to 

*  See  map  of  Europe  and  explanation,  in  Principles,  book  L 
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have  occurred  in  the  earth's  crust  within  an  equal  quantity  of  time  an- 
terior to  the  Eocene  epoch.  Thej  who  contend  for  the  more  intense 
energy  of  subterranean  causes  in  the  remoter  eras  of  the  earth's  history^ 
may  find  it  more  difficult  to  give  an  answer  to  this  question  than  they 
anticipated. 

The  principal  effect  of  volcanic  action  in  the  nether  regions,  during 
the  tertiary  period,  seems  to  have  consisted  in  the  upheaval  to  the  sur- 
face of  hypogene  formations  of  an  age  anterior  to  the  carboniferous. 
The  repetition  of  another  series  of  movements,  of  equal  violence,  might 
upraise  the  plutonic  and  metamorphic  rocks  of  many  secondary  periods ; 
and  if  the  same  force  should  still  continue  to  act,  the  next  convidsion 
might  bring  up  to  the  day,  the  teriiarif  and  recent  hypogene  rocks.  In 
the  course  of  such  changes  many  of  the  existing  sedimentary  strata 
would  suffer  greatly  by  denudation,  others  might  assume  a  meta- 
morphic structure,  or  become  melted  down  into  plutonic  and  volcanic 
rocks.  Meanwhile  the  deposition  of  a  vast  thickness  of  new  strata  would 
not  £[iil  to  take  place  during  the  upheaval  and  partial  destruction  of  the 
older  rocks.  But  I  must  refer  the  reader  to  the  last  chapter  but  one  of 
this  volume  for  a  fuller  explanation  of  these  views. 

Cretaceous  period,  —  It  will  be  shown  in  the  next  chapter  that  chalk, 

as  well  as  lias,  has  been  altered  by  granite  in  the  eastern  Pyrenees. 

Whether  such  granite  be  cretaceous  or  tertiary  cannot  easily  be  decided. 

Fig.  &02.  Suppose  h,  Cyd,  to  be  three  members  of 

the  Cretaceous  series,  the  lowest  of  which, 
6,  has  been  altered  by  the  granite  A,  the 
modifying  influence  not  having  extended 
so  far  as  c,  or  having  but  slightly  affected 
its  lowest  beds.  Now  it  can  rarely  be 
possible  for  the  geologist  to  decide  whether 
the  beds  d  existed  at  the  time  of  the  intrusion  of  A,  and  alteration  of 
h  and  c,  or  whether  they  were  subsequently  thrown  down  upon  c. 

As  some  Cretaceous  rocks,  however,  have  been  raised  to  the  height 
of  more  than  9000  feet  in  the  Pyrenees,  we  must  not  assume  that  plu- 
tonic formations  of  the  same  age  may  not  have  been  brought  up  and 
exposed  by  denudation,  at  the  height  of  2000  or  3000  feet  on  the  flanks 
of  that  chain. 

Period  of  Oolite  and  Lias. — In  the  department  of  the  Hautes  Alpes, 
in  France,  near  Vizille,  M.  Elie  de  Beaumont  traced  a  black  argillaceous 
limestone,  charged  with  belemnites,  to  within  a  few  yards  of  a  mass  of 
granite.  Here  the  limestone  begins  to  put  on  a  granular  texture,  but 
is  extremely  fine-grained.  When  nearer  the  junction  it  becomes  grey, 
and  has  a  saccharoid  structure.  In  another  locality,  near  Champoleon,  a 
granite  <  "mposed  of  quartz,  black  mica,  and  rose-coloured  felspar,  is 
observed  partly  to  overlie  the  secondary  rocks,  producing  an  alteration 
which  extends  for  about  30  feet  downwards,  diminishing  in  the  beds 
which  lie  farthest  from  the  granite.     (See  fig.  503.)     In  the  altered 
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got.  mass  die  u^UMjaona  beds  ue 

hardened,  die  liraeatone  ia  no- 
chaioid,  the  griti  qiurtaoae, 
sod  in  Uie  midat  of  them  ie  a 
thiD  layer  of  an  imperfect 
granite.  It  is  also  an  impor- 
tant ciraunutaooe  that  near 
the  point  of  contact,  both  the 
granite  and  the  seoondarj 
rocks  become  metalliferooa, 
and  oontain  nesta  and  naall 
veins  of  blende,  galena,  iron, 
and  copper  pyrites.  The  atrfr 
tified  rocks  beoome  harder  aitd 
more  ciystalline,  bat  the  gra- 
nite, on  the  contrary,  acd^ 
and  leas  perfectly  ciTstalliied 
near  the  junction.* 
Although  the  granite  b  incnmbent  in  the  above  section  (fig.  50S),  we 
eannot  aaanme  that  it  overflowed  the  strata,  for  the  distDrbauces  of  the 
rocks  are  so  great  in  this  part  of  the  Alpa  that  they  seldom  retain  the 
poution  which  they  must  originally  have  occupied. 

A  considerable  mass  of  syenite,  in  the  Isle  of  Skyc,  ia  described  by 
Dr.  MacCnlloch  as  intersecting  limestone  and  shale,  which  are  of  the 
age  of  the  lias.1'  The  limestone,  which,  at  a  greater  distance  from  the 
granite,  contains  sheila,  exhibits  no  traces  of  them  near  its  junction, 
where  it  has  been  converted  into  a  pure  crystalline  marble.^ 

At  Predazzo,  in  the  Tyrol,  secondary  strata,  some  of  which  are  lime- 
stones of  the  Oolite  period,  have  been  traversed  and  altered  by  plntontc 
rocks,  one  portion  of  which  is  an  augitic  porphyry,  which  passes  insen- 
sibly ioto  gmnite.  The  limcatone  is  changed  into  gnunlar  marble,  wilb 
a  band  of  serpentine  at  the  junction.! 

Carboni/erout  period.— The  granite  of  Dartmoor,  in  Devonshire,  was 
formerly  supposed  to  be  one  of  the  most  ancient  of  the  piutonio  rocks, 
but  is  now  ascertained  to  be  posterior  in  date  to  the  onhu-measures  of 
that  county,  which,  from  their  position,  and  as  containing  true  coal- 
plants,  are  regarded  by  Professor  Sedgwick  and  Sir  R,  Mnrehison  as 
members  of  the  true  carboniferous  scries.  This  granite,  like  the  syeni- 
tic  granite  of  Christiania,  has  broken  through  the  stiatiGed  formations 
without  much  changing  their  strike.  Hence,  on  the  north-west  side  of 
Dartmoor,  the  successive  members  of  the  culm-measures  abnt  against  the 
graoite,  and  beoome  metamorphic  as  they  approach.     These  strata  ore 


■  Elie  de  BeaumoDt,  ear  lee  Montagues  dc  rCHBana,  &c. 
I'HiBt.  Nat.  de  Paris,  torn.  v. 

t  See  MnrchiiDii,  Qeol.  Trans.,  2d  series,  Tol.  ii.,  part  iL,  pp.  811—821. 
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aim  penetrated  by  granite  veins,  and  plutonic  dikes,  cal)  id  '^  elvans/'* 
The  granite  of  Cornwall  is  probably  of  the  same  date,  and^  therefore, 
as  modem  as  the  Carboniferous  strata,  if  not  much  newer. 

SHurtan  period.  —  It  has  long  been  known  that  the  granite  neat 
Christiania,  in  Norway,  is  of  newer  origin  than  the  Silurian  strata  of 
that  region.  Yon  Buch  first  announced,  in  1813,  the  discovery  of  its 
posteriority  in  date  to  limestones  containing  orthocerata  and  trilobites. 
The  proofs  consist  in  the  penetration  of  granite  veins  into  the  shale 
and  limestone,  and  the  alteration  of  the  strata,  for  a  considerable  dis- 
tance from  the  point  of  contact,  both  of  these  veins  and  the  central  mass 
firom  which  they  emanate.  (See  p.  447.)  Yon  Buch  supposed  that  the 
plutonic  rock  alternated  with  the  fossiliferous  strata,  and  that  large 
masses  of  granite  were  sometimes  incumbent  upon  the  strata ;  but  thia 
idea  was  erroneous,  and  arose  from  the  fact  that  the  beds  of  shale  and 
limestone  often  dip  towards  the  granite  up  to  the  point  of  contact,  ap- 
pearing as  if  they  would  pass  under  it  in  mass,  as  at  a,  fig.  504,  and 
then  again  on  the  opposite  side  of  the  same  mountain,  as  at  b,  dip  away 
from  the  same  granite.  When  the  junctions,  however,  are  carefully 
examined,  it  is  found  that  the  plutonic  rock  intrudes  itself  in  veins,  and 
nowhere  covers  the  fossiliferous  strata  in  large  overlying  masses,  as  is 
00  commonly  the  case  with  trappean  formations.f 

Fig.  60*. 


Silurian. 


Granite. 


Silarian  Strata. 


Now  this  granite,  which  is  more  modem  than  the  Silurian  strata  of 
Norway,  also  sendb  veins  in  the  same  country  into  an  ancient  formation 
of  gneiss ;  aad  the  relations  of  the  plutonic  rock  and  the  gneiss  at  their 
junction,  are  full  of  interest  when  we  duly  consider  the  wide  difference 
of  epoch  which  must  have  separated  their  origin. 

The  length  of  this  interval  of  time  is  attested  by  the  following  facts : — 
The  fossiliferous,  or  Silurian  beds,  rest  unconformably  upon  the  trun- 
cated edges  of  the  gneiss,  the  inclined  strata  of  which  had  been  disturbed 
and  denuded  before  the  sedimentary  beds  were  superimposed  (see  fig. 
505).    The  signs  of  denudation  are  twofold ;  first,  the  surface  of  the 

Fig.  ft06. 

Silurian  strata. 
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Oneins.  Granite.  Gneins. 

Granite  sending  Toins  into  Silurian  strata  and  Gneiss, — Christiania,  Norway. 

•  Proceedings  of  Geol.  Soc,  vol.  ii.,  p.  662. 

f  See  the  Giea  Norvegica  and  other  works  of  Keilhau,  with  whom  I  examined 
this  oountry. 
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gneiiis  is  seen  occasionally,  on  the  remoyal  of  the  newer  beds,  eootauih 
ing  organic  remains,  to  be  worn  and  smoothed ;  secondly,  pebbles  of 
gneiss  have  been  found  in  some  of  the  transition  strata.  Between  the 
origin,  therefore,  of  the  gneiss  and  the  granite  there  interrened,  first, 
the  period  when  the  strata  of  gneiss  were  inclined ;  secondly,  the  peiiod 
when  they  were  denuded ;  thirdly,  the  period  of  the  depoation  (^  the 
transition  deposits.  Yet  the  granite  produced,  after  this  long  interral, 
is  often  so  intimately  blended  with  the  ancient  gneiss,  at  the  point  of 
junction,  that  it  is  impossible  to  draw  any  other  than  an  arbitrary  line 
of  separation  between  them ;  and  where  this  is  not  the  case,  tortuous 
veins  of  granite  pass  freely  through  gneiss,  ending  sometimes  in  threads, 
as  if  the  older  rock  had  offered  no  resistance  to  their  passage.  It  seems 
necessary,  therefore,  to  conceive  that  the  gneiss  was  softened  and  mcMre 
or  less  melted  when  penetrated  by  the  granite.  But  had  such  junctions 
alone  been  visible,  and  had  we  not  learnt,  from  other  sections,  how  long 
a  period  elapsed  between  the  consolidation  of  the  gneiss  and  the  injec- 
tion of  this  granite,  we  might  have  suspected  that  the  gneiss  was  scarcely 
solidified,  or  had  not  yet  assumed  its  complete  metaaiorphic  character, 
when  invaded  by  the  plutonic  rock.  From  this  example  we  may  learn 
how  impossible  it  is  to  conjecture  whether  certain  granites  in  Scotland, 
and  other  countries,  which  send  veins  into  gneiss  and  other  metamorphie 
rocks,  are  primary,  or  whether  they  may  not  belong  to  some  secondary 
or  tertiary  period. 

Oldest  granites. — It  is  not  half  a  century  since  the  doctrine  was  very 
general  that  all  granitic  rocks  were  primitive,  that  is  to  say,  that  they 
originated  before  the  deposition  of  the  first  sedimentary  strata,  and 
before  the  creation  of  organic  beings  (see  above,  p.  9).  But  so  greatly 
are  our  views  now  changed,  that  we  fiind  it  no  easy  task  to  point  out  a 
single  mass  of  granite  demonstrably  more  ancient  than  all  the  known 
fossiliferous  deposits.  Could  we  discover  some  Lower  Cambrian  strata 
resting  immediately  on  granite,  there  being  no  alterations  at  the  point 
of  contact,  nor  any  intersecting  granitic  veins,  we  might  then  affirm  the 
plutonic  rock  to  have  originated  before  the  oldest  known  fossiliferous 
strata.  Still  it  would  be  presumptuous  to  suppose  that  when  a  small 
part  only  of  the  globe  has  been  investigated,  we  are  acquainted  with  the 
oldest  fossiliferous  strata  in  the  crust  of  our  planet.  Even  when  these 
are  found,  we  cannot  assume  that  there  never  were  any  antecedent  strata 
containing  organic  remains,  which  may  have  become  metamorphie.  If 
we  find  pebbles  of  granite  in  a  conglomerate  of  the  Lower  Cambrian 
system,  we  may  then  feel  assured  that  the  parent  granite  was  formed 
before  the  Lower  Cambrian  formation.  But  if  the  incumbent  strata  be 
merely  Silurian  or  Upper  Cambrian,  the  fundamental  granite,  although 
of  high  antiquity,  may  be  posterior  in  date  to  known  fossiliferous  forma- 
tions. 

Protrusion  of  solid  granite. — In  part  of  Sutherlandshire,  near  Brora, 
common  graoite,  composed  of  felspar,  quartz,  and  mica,  is  in  immediate 
contact  with  Oolitic  strata^  and  has  clearly  been  elevated  to  the  surface 
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at  a  period  subsequent  to  the  deposition  of  those  strata.*  Professor 
Sedgwick  and  Sir  R.  Murchison  conceive  that  this  granite  has  been  up* 
heaved  in  a  solid  form ;  and  that  in  breaking  through  the  submarine 
deposits,  with  which  it  was  not  perhaps  originallj  in  contact,  it  has  frao- 
tored  them  so  as  to  form  a  breccia  along  the  line  of  junction.  This 
breccia  consists  of  fragments  of  shale,  sandstone,  and  limestone,  with 
fossils  of  the  oolite,  all  united  together  by  a  calcareous  cement.  The 
secondary  strata,  at  some  distance  from  the  granite,  are  but  slightly  dis- 
turbed, but  in  proportion  to  their  proximity  the  amount  of  dislocation 
becomes  greater. 

If  we  admit  that  solid  hypogene  rocks,  whether  stratified  or  unstrati- 
fied,  have  in  such  cases  been  driven  upwards  so  as  to  pierce  through 
yielding  sedimentary  deposits,  we  shall  be  enabled  to  account  for  many 
geological  appearances  otherwise  inexplicable.  Thus,  for  example,  at 
Weinbohla  and  Hohnstein,  near  Meissen,  in  Saxony,  a  mass  of  granite 
has  been  observed  covering  strata  of  the  Cretaceous  and  Oolitic  periods 
for  the  space  of  between  300  and  400  yards  square.  It  appears  clearly 
from  a  recent  Memoir  of  Dr.  B.  Cotta  on  this  subject,f  that  the  granite 
was  thrust  into  its  actual  position  when  solid.  There  are  no  intersect- 
ing veins  at  the  junction — no  alteration  as  if  by  heat,  but  evident  signs 
of  rubbing,  and  a  breccia  in  some  places,  in  which  pieces  of  granite  are 
mingled  with  broken  fragments  of  the  sedimentary  rocks.  As  the  gra- 
nite overhangs  both  the  lias  and  chalk,  so  the  lias  is  in  some  places  bent 
over  strata  of  the  cretaceous  era. 

Relative  age  of  (he  granites  of  Arran. — In  this  island,  the  largest  in 
the  Firth  of  Clyde,  being  twenty  miles  in  length  from  north  to  south, 
the  four  great  classes  of  rocks,  the  fossiliferous,  volcanic,  plutonic,  and 
metamorpbic,  are  all  conspicuously  displayed  within  a  very  small  area, 
and  with  their  peculiar  characters  strongly  contrasted.  In  the  north 
of  the  island  the  granite  rises  to  the  height  of  nearly  3000  feet  above 
the  sea,  terminating  in  mountainous  peaks.  (See  section,  fig.  506.) 
On  the  flanks  of  the  same  mountains  are  chloritic  schists,  blue  roofing- 
alate,  and  other  rocks  of  the  metamorphic  order  (No.  I),  into  which  the 
granite  (No.  2)  sends  veins.  This  granite,  therefore,  is  newer  than  the 
hypogene  schists  (No.  1),  which  it  penetrates. 

These  schists  are  highly  inclined.  Upon  them  rest  beds  of  oonglom* 
erate  and  sandstone  (No.  3),  which  are  referable  to  the  Old  Red  forma- 
tion, to  which  succeed  various  shales  and  limestones  (No.  4)  containing 
the  fossils  of  the  Carboniferous  period,  upon  which  are  other  strata  of 
sandstone  and  conglomerate  (upper  part  of  No.  4),  in  which  no  fossils 
have  been  met  with,  which  it  is  conjectured  may  belong  to  the  New  Red 
sandstone  period.  All  the  preceding  formations  are  cut  through  by  the 
volcaflic  rocks  (No.  5),  which  consist  of  greenstone,  basalt,  pitchstone, 
claystone-porphyry,  and  other  varieties.      These  appear  either  in  the 

*  Murchison,  Qeol.  Trans.,  2d  series,  vol.  ii.  p.  807. 
f  Geognostiche  Wanderungen,  Leipzig,  1838. 
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form  of  dikes,  or  in  dense  masees  from  50  to  700  feet  in  thickness 
overlying  the  strata  (No.  4).  They  sometimes  pass  into  syenite  of  so 
crystalline  a  form,  that  it  may  rank  as  a  plutonio  formation ;  and  in  one 
region,  at  Ploverfield,  in  Olen  Coy,  a  fine-grained  granite  (6  a)  is  seen 
associated  with  the  trap  formation,  and  sending  veins  into  the  sandstone 
or  into  the  upper  strata  of  No.  4.  This  interesting  discovery  of  granite 
in  the  southern  region  of  Arran,  at  a  poiut  where  it  is  separated  from 
the  northern  mass  of  granite  hy  a  great  thickness  of  secondary  strata 
and  overlying  trap,  was  made  by  Mr.  L.  A.  Necker  of  Geneva,  during 
his  survey  of  Arran  in  1839.  We  also  learn  from  the  recent  investi- 
gations of  Prof.  A.  0.  Ramsay,  that  a  similar  fine-grained  granite  (No. 
6  b)  appears  in  the  interior  of  the  northern  granitic  district,  forming  the 
nucleus  of  it,  and  sending  veins  into  the  older  coarse-grained  granite 
(No.  2).  The  trap  dikes  which  penetrate  the  older  granite  are  cut  off, 
according  to  Mr.  Bamsay,  at  the  junction  of  the  fine-gndned. 

It  is  not  improbable  that  the  granite  (No.  6  h)  may  be  of  the  same 
age  as  that  of  Ploverfield  (No.  6  a),  and  this  again  may  belong  to  the 
same  geological  epoch  as  the  trap  formations  (No.  5).  If  there  be  any 
difference  of  date,  it  would  seem  that  the  fine-grained  granite  must  be 
newer  than  the  trappean  rocks.  But,  on  the  other  hand,  the  coarser 
granite  (No.  2)  may  be  the  oldest  rock  in  Arran,  with  the  exception  of 
the  hypogene  slates  (No.  1),  into  which  it  sends  veins. 

An  objection  may  perhaps  at  first  be  started  to  this  conclusion,  de- 
rived from  the  curious  and  striking  fact,  the  importance  of  which  wa^ 
first  emphatically  pointed  out  by  Dr.  MacCulloch,  that  no  pebbles  of 
granite  occur  in  the  conglomerates  of  the  red  sandstone  in  Arran,  though 
these  conglomerates  are  several  hundred  feet  in  thickness,  and  lie  at  the 
foot  of  lofty  granite  mountains,  which  tower  above  them.  As  a  general 
rule,  all  such  aggregates  of  pebbles  and  sand  are  mainly  composed  of 
the  wreck  of  pre-existing  rocks  occurring  in  the  immediate  vicinity. 
The  total  absence  therefore  of  granitic  pebbles  has  justly  been  a  theme 
of  wonder  to  those  geologists  who  have  successively  visited  Arran,  and 
they  have  carefully  searched  there,  as  I  have  done  myself,  to  find  an 
rxception,  but  in  vain.  The  rounded  masses  consist  exclusively  of 
quartz,  chlorite-schist,  and  other  members  of  the  metamorphic  series; 
nor  in  the  newer  conglomerates  of  No.  4  have  any  granitic  fragments 
been  discovered.  Are  we  then  entitled  to  affirm  that  the  coarse-grained 
granite  (No.  2),  like  the  fine-grained  variety  (No.  6  a),  is  more  modem 
than  all  the  other  rocks  of  the  island?  This  we  cannot  assume  at 
present,  but  we  may  confidently  infer  that  when  the  various  beds  of 
sandstone  and  conglomerate  were  formed,  no  granite  had  reached  the 
sur£Etce,  or  had  been  exposed  to  denudation  in  Arran.  It  is  clear  that 
the  crystalline  schists  were  ground  into  sand  and  shingle  when  the  strata 
No.  3  were  deposited,  and  at  that  time  the  waves  had  never  acted  upon 
the  granite,  which  now  sends  its  veins  into  the  schist.  May  we  then 
conclude,  that  the  schists  suffered  denudation  before  they  were  invaded 
by  granite  ?    This  opinion,  although  not  inadmissible,  is  by  no  means 
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fully  borno  out  by  the  evidence.  For  at  the  time  when  the  Old  Bed 
sandstone  originated,  the  mctamorpbic  strata  may  have  formed  islaiids 
in  the  sea,  as  in  fig.  507,  over  which  the  breakers  rolled,  or  from  which 

Fig.  607. 

Stm 


torrents  and  rivers  descended,  carrying  down  gravel  and  sand.  The 
plutonio  rock  or  granite  (b)  may  even  then  have  been  previously  in- 
jected at  a  certain  depth  below,  and  yet  may  never  have  been  exposed 
to  denudation. 

As  to  the  time  and  manner  of  the  subsequent  protrusion  of  the  coarse- 
grained granite  (No.  2),  this  rock  may  have  been  thrust  up  bodily,  in  a 
solid  form,  during  that  long  scries  of  igneous  operations  which  produced 
the  trappcan  and  plutonic  formations  (Nos.  5,  6  a,  and  6  6). 

We  have  shown  that  these  eruptions,  whatever  their  date,  were  poste- 
rior to  the  deposition  of  all  the  fossiliferous  strata  of  Arran.  We  can 
also  prove  that  subsequently  both  the  trappean  and  granitic  rocks  under- 
went great  aqueous  denudation,  which  they  probably  suffered  during 
their  emergence  from  the  sea.  The  fact  is  demonstrated  by  the  abrupt 
truncation  of  numerous  dikes,  such  as  those  at  r,  d,  e,  which  are  cut  off 
on  the  surface  of  the  granite  and  trap.  The  overlying  trap  also  ceases 
very  abruptly  on  approaching  the  boundary  of  the  great  hypogene  region, 
region,  and  terminates  in  a  steep  escarpment  facing  towards  it  as  at/, 
fig.  50G.  When  in  its  original  state  it  could  not  have  come  thus  sud- 
denly to  an  end,  but  must  have  filled  up  the  hollow  now  separating  it 
from  the  hypogene  rocks,  had  such  a  hollow  then  existed.  This  neces- 
sity of  supposing  that  both  the  trap  and  the  conglomerate  once  extended 
farther,  and  that  veins  such  as  c,  (/,  fig.  506,  were  once  prolonged  farther 
upwards,  prepares  us  to  believe  that  the  whole  of  the  northern  granite 
may  at  one  time  have  been  covered  by  newer  formations,  under  the 
pressure  of  which,  before  its  protrusion,  it  assumed  its  highly  crystalline 
texture. 

The  theory  of  the  protrusion  in  a  solid  form  of  the  northern  nucleus 
of  granite  is  confirmed  by  the  manner  in  which  the  hypogene  slates 
(No.  1),  and  the  beds  of  conglomerate  (No.  3),  dip  away  from  it  on  all 
sides.  In  some  places  indeed  the  slates  arc  inclined  towards  the  granite, 
but  this  exception  might  have  been  looked  for,  because  these  hypogene 
strata  have  undergone  disturbances  at  more  than  one  geological  epoch, 
and  may  at  some  points,  perhaps,  have  their  original  order  of  position 
inverted.  The  high  inclination,  therefore,  and  the  quaquaversal  dip  of 
the  beds  around  the  borders  of  the  granitic  boss,  and  the  comparative 
horizon tality  of  the  fossiliferous  strata  in  the  southern  part  of  the  island, 
are  facts  which  all  accord  with  the  hypothesis  of  a  great  amount  of 
movement  at  that  point  where  the  granite  is  supposed  to  have  been 
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thrust  up  bodily,  and  where  we  may  conceive  it  to  have  been  distended 
laterally  by  the  repeated  injection  of  fresh  supplies  of  melted  materialB  * 


CHAPTER  XXXV. 

METAMORPHIO  ROCKS. 


General  character  of  metamorphic  rocks  —  Gneiss — Hornblende-schist — Mica 
chist —  Clay-slate  —  Quartiite  —  Chlorite-schist  —  Metamorphic  limestone  — 
Alphabetical  list  and  explanation  of  other  rocks  of  this  family — Origin  of  the 
netamorphic  strata — Their  stratification  is  real  and  distinct  from  cleavage  — 
Joints  and  slaty  cleayage  —  Supposed  caases  of  these  structures  —  How  far 
connected  with  crystalline  action. 

We  have  now  considered  three  distinct  classes  of  rocks :  first,  the 
aqueous,  or  fossiliferous ;  secondly,  the  volcanic;  and,  thirdly,  the 
plutonic,  or  granite;  and  we  have  now,  lastly,  to  examine  those  crystal- 
line (or  hypogene)  strata  to  which  the  name  of  metamorphic  has  been 
assigned.  The  last-mentioned  term  expresses,  as  before  explained,  a 
theoretical  opinion  that  such  strata,  after  having  been  deposited  from 
water,  acquired,  by  the  influence  of  heat  and  other  causes,  a  highly 
crystalline  texture.  They  who  still  question  this  opinion  may  call  the 
rocks  under  consideration  the  stratified  hypogene,  or  schistose  hypogene 
formations. 

These  rocks,  when  in  their  most  characteristic  or  normal  state,  are 
wholly  devoid  of  organic  remains,  and  contain  no  distinct  fragments  of 
other  rocks,  whether  rounded  or  angular.  They  sometimes  break  out 
in  the  central  parts  of  narrow  mountain  chains,  but  in  other  cases  extend 
over  areas  of  vast  dimensions,  occupying,  for  example,  nearly  the  whole 
of  Norway  and  Sweden,  where,  as  in  Brazil,  they  appear  alike  in  the 
lower  and  higher  grounds.  In  Great  Britain,  those  members  of  the 
series  which  approach  most  nearly  to  granite  in  their  composition,  as 
gneiss,  mica-schist,  and  hornblende-schist,  are  confined  to  the  country 
north  of  the  rivers  Forth  and  Clyde. 

Many  attempts  have  been  made  to  trace  a  general  order  of  succession 
or  superposition  in  the  members  of  this  family ;  gneiss,  for  example, 
having  been  often  supposed  to  hold  invariably  a  lower  geological  position 
than  mica-schist.  But  although  such  an  order  may  prevail  throughout 
limited  districts,  it  is  by  no  means  universal,  nor  even  general,  through- 
out the  globe.     To  this  subject,  however,  I  shall  again  revert,  in  the 

♦  For  the  geology  of  Arran  consult  the  works  of  Drs.  Hutton  and  MacGulloch 
the  Memoirs  of  Messrs.  Von  Dcchcn  and  Oeynhausen,  that  of  Professor  Sedg- 
wick and  Sir  R.  Murchison  (Geol.  Trans.,  2d  series),  Mr.  L.  A.  Necker's  Me- 
moir, read  to  the  Royal  Soc.  of  Edin.  20th  April,  1840,  and  Mr.  Ramsay's  Geol. 
of  Arran,  1840.     I  examined  myself  a  large  part  of  Axt«Lii  ygl  \%^^« 
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lut  ohkpter  of  this  Toloine,  when  the  ohronologicil  leUtioiu  ot  the  neU- 
motphio  rocks  kre  pointed  ont. 

The  following  maj  be  eunmented  as  the  piincipal  memben  of  the 
metamorphic  class: — gneiss,  mica-Bchist,  bomblende-BcMBt,  olaj-elite, 
chlorite- Bcbiat,  bjrpogcue  or  metamoiphic  limestone,  and  certaiit  kinds 
of  quartz-rock  or  qiiartut«. 

Gneisi.  —  The  first  of  these,  gneisB,  may  be  caUed  stnUifiod  granite, 
being  formed  of  the  same  materials  as  granite,  namely,  felspsr,  qnarti, 
and  mica.  In  the  specimen  here  figured,  the  white  lajeis  consist  almoet 
exclosively  of  granular  felspar,  with  here  and  there  a  speck  of  mica  and 
pun  of  quarts.  The  dark  layers  are  composed  of  grey  qoarti  and  blaok 


mica,  with  occasionally  a  gnin  of  felspar  intermixed.  The  rock  splita 
most  easily  in  the  plane  of  these  darker  layers,  and  the  Hor&ce  thus  ex* 
posed  is  almost  entirely  covered  with  shining  spangles  of  mtca.  The 
accompanying  quartz,  however,  greatly  predomiostea  in  qnanti^,  bat 
the  moat  ready  cleavage  is  determined  by  the  abundance  of  mica  in  cer- 
tain parts  of  the  dark  layer. 

Instead  of  these  thin  lamiDee,  gaeiss  is  sometimes  simply  divided  into 
thick  beds,  in  wbicb  the  mica  has  only  a  slight  degree  of  parallelism  to 
the  planes  of  stratification. 

The  term  "  gneiss,"  however,  in  geology  is  commonly  used  in  a  wider 
sense,  to  designate  a  formation  in  which  the  above-mentioned  rock  pre- 
vails, but  with  which  any  other  of  the  metamorphio  rocks,  and  more 
especially  homblcnde-schist,  may  alternate.  These  other  members  of 
the  metamorphic  series,  are,  in  this  case,  considered  as  subordinate  to 
the  true  gneiss. 

The  difiereot  varieties  of  rock  allied  to  gneiss,  into  which  felspar 
enters  as  an  essential  ingredient,  will  be  understood  as  referring  to  what 
was  sud  of  granite.  Thus,  for  example,  hornblende  may  be  superadded 
to  mica,  quartz,  and  felspar,  forming  a  sycnitjc  gneiss ;  or  talc  may  be 
substituted  for  mica,  constituting  talcose  gneiss,  a  rock  composed  of  fel- 
spar, quartz,  and  talc,  in  distinct  crystals  or  gruns  (stratified  protogine 
of  the  French). 

ffomllende-tchiit  is  usually  black,  and  composed  principally  of  horn- 
blende, with  a  variable  quantity  of  felspar,  and  sometimes  grains  of 
qoarti.   When  the  hornblende  and  felspar  are  nearly  in  equal  quantities, 
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and  the  rook  is  not  slaty,  it  corresponds  in  character  with  the  greenstones 
of  the  trap  family,  and  has  been  called  ''  primitive  greenstone."  It  may 
be  termed  hornblende  rock.  Some  of  these  homblendic  masses  may 
really  have  been  volcanic  rocks,  which  have  since  assumed  a  more  crys- 
talline or  metamorphic  texture. 

Mica-schist,  or  Micaceous  schist^  is,  next  to  gneiss,  one  of  the  most 
abundant  rocks  of  the  metamorphic  series.  It  is  slaty,  essentially  com- 
posed of  mica  and  quartz,  the  mica  sometimes  appearing  to  constitute 
the  whole  mass.  Beds  of  pure  quartz  also  occur  in  this  formation.  In 
some  districts  garnets  in  regular  twelve-sided  crystals  form  an  integrant 
part  of  mica-schist.  This  rock  passes  by  insensible  gradations  into  clay- 
slate. 

Clay-datey  or  Argillaceous  schist. — This  rock  resembles  an  indurated 
clay  or  shale,  is  for  the  most  part  extremely  fissile,  often  affording  good 
roofing  slate.  It  may  consist  of  the  ingredients  of  gneiss,  or  of  an 
extremely  fine  mixture  of  mica  and  quartz,  or  talc  and  quartz.  Occa- 
sionally it  derives  a  shining  and  silky  lustre  from  the  minute  particles 
of  mica  or  talc  which  it  contains.  It  varies  from  greenish  or  bluish- 
grey  to  a  lead  colour.  It  may  be  said  of  this,  more  than  of  any  other 
schist,  that  it  is  common  to  the  metamorphic  and  fossiliferous  series,  for 
some  clay-slates  taken  from  each  division  would  not  be  distinguishable 
by  mineralogical  characters. 

Qiuirtzite,  or  Quartz  rock,  is  an  aggregate  of  grains  of  quartz,  which 
are  either  in  minute  crystals,  or  in  many  cases  slightly  rounded,  occur- 
ring in  regular  strata,  associated  with  gneiss  or  other  metamorphic  rocks. 
Compact  quartz,  like  that  so  frequently  found  in  veins,  is  also  found 
together  with  granular  quartzite.  Both  of  these  alternate  with  gneiss- 
or  mica-schist,  or  pass  into  those  rocks  by  the  addition  of  mica,  or  of 
felspar  and  mica. 

Chlorite-schist  is  a  green  slaty  rock,  in  which  chlorite  is  abundant  in 
foliated  plates,  usually  blended  with  minute  grains  of  quartz,  or  some- 
times with  felspar  or  mica.     Often  associated  with,  and  graduating  into, 
gneiss  and  clay-state. 

Hifpogene,  or  Metamorphic  limestone.  —  This  rock,  commonly  called 
primary  limestone,  is  sometimes  a  thick-bedded  white  crystalline  granu- 
lar marble  used  in  sculpture ;  but  more  frequently  it  occurs  in  thin  beds, 
forming  a  foliated  schist  much  resembling  in  colour  and  appearance  cer- 
tain varieties  of  gneiss  and  mica-schist.  It  alternates  with  both  these 
rocks,  and  in  like  manner  with  argillaceous  schist.  It  then  usually 
contains  some  crystals  of  mica,  and  occasionally  quartz,  felspar,  horn- 
blende, and  talc.  This  member  of  the  metamorphic  series  enters  spa- 
ringly into  the  ^structure  of  the  hypogene  districts  of  Norway,  Sweden,, 
and  Scotland,  but  is  largely  developed  in  the  Alps. 

Before  offering  any  farther  observations  on  the  probable  origin  of  the 
metamorphic  rocks,  I  subjoin,  in  the  form  of  a  glossary,  a  brief  expla- 
nation of  some  of  the  principal  varieties  and  their  synonymes. 

30 
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AoTivoLiTB-scHisT.  A  sUtty  foliated  rock,  composea  chiefly  of  actinolite,  (ftii 
emerald-green  mineral,  allied  to  hornblende,)  with  some  admistore  of 
felspar,  or  quartz,  or  mica. 

Ampblitk.  Aluminous  elate  (Brongniart) ;  occurs  both  in  the  metamorphio  and 
.     fossiliferous  series. 

Amphibolite.     Hornblende  rock,  which  see. 

Aboillaceous-schist,  or  Clat-slate.     See  p.  465. 

Ajlkosb.    Term  used  by  Brongniart  for  granular  Qnartiite,  whieh  see. 

Ohiastolite-blatb  scarcely  differs  from  clay-slate,  but  includes  numerous  oi7»- 
tals  of  Chiastolite ;  in  considerable  thickness  in  Cumberland.  ChiasCo- 
lite  occurs  in  long  slender  rhomboidal  crystals.  For  compositiont  iM 
Table,  p.  877. 

Chlobite-sohist.  A  green  slaty  rock,  in  which  chlorite,  a  green  scaly  mineral, 
is  abundant.     See  p.  465. 

Clat-slate,  or  Argillaceous-schist.     See  p.  465. 

EuaiTE  and  Euritio  Porphtrt.  A  base  of  compact  felspar,  with  grains  of  la- 
minar felspar,  and  often  mica  and  other  minerals  disseminated  (Brong- 
niart). M.  D'Aubuisson  regards  eurite  a?  an  extremely  fine-grained 
granite,  in  which  felspar  predominates,  the  whole  forming  an  apparently 
homogeneous  rock.  Eurite  has  been  already  mentioned  as  a  platoiue 
rock,  but  occurs  also  in  beds  subordinate  to  gneiss  or  mica-slate. 

Gneiss.    A  stratified  or  laminated  rock,  same  composition  as  granite.  See  p.  464. 

Hornblende  Bock,  or  Amphibolite.  Composed  of  hornblende  and  felspar. 
The  same  composition  as  hornblende-schist,  stratified,  but  not  fissile. 
See  p.  876. 

Hornblende-schist,  or  Slate.  Composed  chiefly  of  hornblende,  with  ooea- 
sionally  some  felspar.     See  p.  464. 

Hornblendic  or  Stenitio-Gneiss.  Composed  of  felspar,  quartz,  and  horn- 
blende. 

Htpooenb  Limestone.     See  p.  465. 

ff  arble.     See  p.  465. 

MiCA-scnisT,  or  Micaceous-schist.    A  slaty  rock,  composed  of  mica  and  quartt 

in  variable  proportions.     See  p.  465. 
'Mica-slate.     See  Mica-schist,  p.  465. 

■Phtllade.     D'Aubuisson's  term  for  clay-slate,  from  ^vXXar,  a  heap  of  leares. 
Primary  Limestone.     See  Hypoqene  Limestone,  p.  465. 
^PROToaINE.     See  Talcose-oneiss,  p.  464;    when  unstratified  it  is  Taloose- 
granite. 

Quartz  Rock,  or  Quartzite.  A  stratified  rock;  an  aggregate  of  graina  of 
quartz.     See  p.  465. 

;6erpen'tine  occurs  in  both  divisions  of  the  hypogene  series,  as  a  stratified  or 
unstratified  rock ;  contains  much  magnesia ;  is  chiefly  composed  of  the 
minernll  called  serpentine,  mixed  with  diallage,  talc,  and  steatite.  The 
pure  varieties  of  this  rock,  called  noble  serpentine,  consist  of  a  hydrated 
-silicate  of  magnesia,  generally  of  a  greenish  colour:  this  base  is  com- 
monly mixed  with  oxide  of  iron. 

Talcose-oneiss.     Same  composition  as  talcose-granite  or  protogine,  but  either 

stratified  or  laminated.     See  p.  464. 
Talcose-schist  consists  chiefly  of  talc,  or  of  talc  and  quarts,  or  of  talo  and 

felspar,  and  has  a  texture  something  like  that  of  clay-slate. 

'Whitbstoni.    fiame  as  Eariie. 
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Origin  of  the  Metamorphic  Strata. 

Having-  said  thus  much  of  the  mineral  composition  of  the  metamor- 
phic rocks^  I  may  comhine  what  remains  to  he  said  of  their  structure 
and  history  with  an  account  of  the  opinions  entertained  of  their  proha- 
ble  origin.  At  the  same  time,  it  may  he  well  to  forewarn  the  reader 
that  we  are  here  entering  upon  ground  of  controversy,  and  soon  reach 
the  limits  where  positive  induction  ends,  and  heyond  which  we  can  only 
indulge  in  speculations.  It  was  once  a  favourite  doctrine,  and  is  still 
maintained  hy  many,  that  these  rocks  owe  their  crystalline  texture,  their 
want  of  all  signs  of  a  mechanical  origin,  or  of  fossil  contents,  to  a  pecu- 
liar and  nascent  condition  of  the  planet  at  the  period  of  their  formation. 
The  arguments  in  refutation  of  this  hypothesis  will  he  more  fully  con- 
sidered when  I  show,  in  the  last  chapter  of  this  volume,  to  how  many 
different  ages  the  metamorphic  formations  are  referahle,  and  how  gneiss, 
mica-schist,  clay-slate,  and  hypogene  limestone  (that  of  Carrara  for 
example),  have  heen  formed,  not  only  since  the  first  introduction  of 
organic  heings  into  this  planet,  hut  even  long  after  many  distinct  races 
of  plants  and  animals  had  passed  away  in  succession. 

The  doctrine  respecting  the  crystalline  strata,  implied  in  the  name 
metamorphic,  may  properly  he  treated  of  in  this  place ;  and  we  must 
first  inquire  whether  these  rocks  are  really  entitled  to  he  called  stratified 
in  the  strict  sense  of  having  heen  originally  deposited  as  sediment  from 
water.  The  general  adoption  hy  geologists  of  the  term  stratified,  aa 
applied  to  these  rocks,  sufficiently  attests  their  division  into  heds  very 
analagous,  at  least  in  form,  to  ordinary  fossiliferous  strata.  This  resem- 
hlance.is  hy  no  means  confined  to  the  existence  in  hoth  of  an  occasional 
slaty  structure,  hut  extends  to  every  kind  of  arrangement  which  is  com- 
patible with  the  absence  of  fossils,  and  of  sand,  pebbles,  ripple-mark, 
and  other  characters  which  the  metamorphic  theory  supposes  to  have 
heen  obliterated  by  plutonic  action.  Thus,  for  example,  we  behold  alike 
in  the  crystalline  and  fossiliferous  formatioDs  an  alternation  of  beds 
varying  greatly  in  composition,  colour,  and  thickness.  We  observe,  for 
instance,  gneiss  alternating  with  layers  of  black  hornblende-schist,  or 
with  granular  quartz,  or  limestone ;  and  the  interchange  of  these  diffe- 
rent strata  may  be  repeated  for  an  indefinite  number  of  times.  In  the 
like  manner,  mica-schist  alternates  with  chlorite-schist,  and  with  granu- 
lar limestone  in  thin  layers. 

As  in  fossiliferous  formations  strata  of  pure  siliceous  sand  alternate 
with  micaceous  sand  and  with  layers  of  clay,  so  in  the  crystalline  or 
metamorphic  rocks  we  have  beds  of  pure  quartzite  alternating  with 
mica-schist  and  clay-slate.  As  in  the  secondary  and  tertiary  series  we 
meet  with  limestone  alternating  again  and  again  with  micaceous  or  argil- 
laceous sand,  so  we  find  in  the  hypogene,  gneiss  and  mica-schist  altemat-* 
ing  with  pure  and  impure  granular  limestones. 
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It  haa  also  been  ahowD  tluit  the  ripple  muk  ia  Tsr;  commoDlj  repeated 
throughout  &  coneidenble  thiokaew  of  foBsilifenniB  stratft;  bo  in  mick- 
Bohist  and  gaeiBB,  there  b  sometimes  an  undnUtion  of  the  lamiiue  on  a 
minute  scale,  which  may,  perhaps,  be  a  modiSnIion  of  ntnilar  ineqaali- 
ties  in  the  original  deposit. 

In  the  crjetalline  formations  also,  as  in  man;  of  the  sedimeotarjr 
before  described,  single  strata  are  somelimee  made  up  of  laminss  placed 
diagonally,  such  latninm  not  being  regnlarlj  parallel  to  (he  plaoes  of 
cleavage. 

This  disposition  of  the  layers  is  illustrated  in  the  aooompanying  div 
gram,  in  which  I  have  represented  carefully  the  stratification  of  a  coarM 
argillaceons  schist,  which  I  examined 
in  the  Pyrenees,  part  of  which  mp' 
proacfaes  in  character  to  a  green  and 
blue  roofing  alate,  while  part  ia  ex- 
tremely quartEose,  the  whole  mass 
passing  downwards  into  mioaceooa 
schist.  The  vertical  section  here 
exhibited  is  about  3  feet  in  height, 
and  the  layers  are  sometimes  so  thin 

.     .    u.    .J     .  .   w—i J  . .    that  fifty  may  be  counted  in  the 

ut,DauGaTuiik,inttiap7nBaH.        thickuess  of  an  iDcb.    Someoftboit 

consist  of  pore  qoarta. 
The  inference  drawn  from  the  phenomeDa  above  described  in  fevonr 
of  the  aqueons  ori^n  of  clay-slate  and  other  crystalline  strata  is  greatly 
strengthened  by  the  fact  that  many  of  these  metamorphic  rocks  occa- 
sionally alternate  with,  and  sometimes  pass  by  intermediate  gradations 
into,  rocka  of  a  decidedly  mechanical  origin,  and  exhibiting  traces  of 
organic  remains.  The  fossiliferous  formations,  moreover,  into  which 
this  passage  is  effected,  are  by  no  means  invariably  of  the  same  age  nor 
of  the  highest  antiquity,  as  will  be  afterwards  explained. 

Stratijication  of  the  metamorphic  roekt  duttnel  from  cleavage.  — 
The  beds  into  which  gneiss,  mica-schist,  and  hypogene  limestone  divide, 
exhibit  most  commonly,  like  ordinary  strata,  a  want  of  perfect  geomet- 
rical parallelism.  For  this  reason,  therefore,  in  addition  to  the  alternate 
recurrence  of  layers  of  distinct  materials,  the  stratified  arrangement  of 
the  crystalline  rocks  cannot  be  explained  away  by  supposing  it  to  be 
utnply  a  divisional  structure  like  that  to  which  we  owe  some  of  the 
slates  used  for  writing  and  roofing.  iSVcry  cleavage,  as  it  has  been 
called,  has  in  many  eases  been  produced  by  the  regular  deposition  of 
thin  plates  of  fine  sediment  one  upon  another;  but  there  are  many  in- 
stances where  it  is  decidedly  unconnected  with  such  a  mode  of  ori^n, 
and  whero  it  is  not  even  confined  to  the  aqueous  formations.  Some 
kinds  of  trap,  for  example,  as  clinkstone,  split  into  laminte,  and  are 
used  for  roofing. 

There  are,  says  Professor  Sedgwick,  three  distinct  forms  of  stnotnrc 
'exhibited  in  certain  rocks  throughout  large  districts :  via. — lirst,  strati- 
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ficKtion;  seoondly,  joiDts;  and  tbirdlj,  slaty  cIeaT>ge;  the  two  last 
haviDg  no  oonnectioD  with  true  bedding,  and  having  been  auperindnoed 
by  causes  absolutely  independent  of  gravitation.  All  these  different 
Btrnctuiea  must  have  different  names,  even  though  thore  be  some  oases 
where  it  ia  imposnible,  after  carefully  studying  the  appearances,  to  decide 
npon  the  class  to  which  they  belong.* 

Joiutt. — Now,  in  regard  to  the  second  of  these  forme  of  structure  or 
joints,  they  are  natural  fissures  which  often  traverse  rocks  in  straight 
and  well-determined  lines.  They  afford  to  the  quarryman,  as  Sir  B. 
MnrchisoD  observca,  when  speaking  of  the  phenomena,  as  exhibited  in 
Shropshire  and  the  neighbouring  counties,  the  greatest  aid  in  the  extrac- 
tion of  blocks  of  atone ;  and,  if  a  sufficient  number  cross  each  other, 
the  whole  maaa  of  rocks  is  aplit  into  symmetrical  blocks, f  The  &ces  of 
the  jointB  are  for  the  most  part  smoother  and  more  regular  than  the  sor- 
becB  at  true  strata.  The  jointa  are  straight-cut  chinks,  often  alightly 
open,  often  passing,  not  only  throogh  layers  of  successive  deposition, 
bnt  also  through  balls  of  limestone  or  other  matter  which  have  been 
ftmned  by  concretionary  action,  since  the  original  accumulation  of  the 
strata.  Such  joints,  therefore,  must  often  have  resulted  from  one  of  the 
last  changes  superinduced  upon  sedimentary  deposits.^ 

In  the  annexed  diagram  the  flat  surfaces  of  rock  A,  B,  G,  represent 
exposed  faces  of  joints,  to  which  the  waits  of  other  joints,  J  J,  are 
parallel.  S  8  are  the  lines  of  etratification ;  D  D  are  lines  of  slaty  cleav- 
age, which  intersect  the  rock  at  a  conaiderable  anj^e  to  the  planes  of 
■traljfication. 


BtnUecaUoD,  }olnti,  ind  dHTigh 

Joints,  according  to  Frofeaaor  Sedgwick,  are  diatingnishable  from  lines 
of  slaty  cleavage  in  this,  that  the  rock  intervening  between  two  joints 
has  no  tendency  to  cleave  in  a  direction  parallel  to  the  planes  of  the 
joints,  whereas  a  rock  is  capable  of  indefinite  subdivision  in  the  direc- 
tion of  its  slaty  cleavage.  In  some  cases  where  the  strata  are  curved, 
the  planes  of  cleavage  are  still  perfectly  parallel.  This  has  been  oK 
served  in  the  slate  rocks  of  part  of  Wales  (aee  fig.  511),  which  consist 

*  Qaol.  Trans.,  2il  series,  vol.  iii.  p.  480. 

t  The  Silurian  Sjstem  ot  Rocks,  as  developed  in  Salop,  Hereford,  &e.,  p.  246. 

j  Ibid.,  p.  216. 
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of  a  hard  greenish  slate.     The  true  bedding  is  there  indicated  by  a 
number  of  parallel  stripes,  some  of  a  lighter  and  some  of  a  darker 

Fig.  611. 


Parallel  plane§  of  deaTage  intersecting  oorred  strata.    (Sedgwick.) 

colour  than  the  general  mass.  Such  stripes  are  found  to  be  parallel  to 
the  true  planes  of  stratification,  wherever  these  are  manifested  by  ripple- 
mark,  or  bj  beds  containing  peculiar  organic  remains.  Some  of  the  con- 
torted strata  are  of  a  coarse  mechanical  structure,  alternating  with  fine- 
grained crystalline  chloritic  slates,  in  which  case  the  same  slaty  cleavage 
extends  through  the  coarser  and  finer  beds,  though  it  is  brought  out  in 
greater  perfection  in  proportion  as  the  materials  of  the  rock  are  fine  and 
homogeneous.  It  is  only  when  these  are  very  coarse  that  the  cleavage 
plains  entirely  vanish.  These  planes  arc  usually  inclined  at  a  very  con- 
siderable angle  to  the  planes  of  the  strata.  In  the  Welsh  chains,  for 
example,  the  average  angle  is  as  much  as  from  30°  to  40°.  Sometimes 
the  cleavage  planes  dip  towards  the  same  point  of  the  compass  as  those 
of  stratification,  but  more  frequently  to  opposite  points.  It  may  be 
stated  as  a  general  rule^  that  when  beds  of  coarser  materials  alternate 
with  those  composed  of  finer  particles,  the  slaty  cleavage  is  either  en- 
tirely confined  to  the  fine-grained  rock,  or  is  very  imperfectly  exhibited 
in  that  of  coarser  texturov  This  rule  holds,  whether  the  cleavage  is 
parallel  to  the  planes  of  stratification  or  not. 

In  the  Swiss  and  Savoy  Alps,  as  Mr.  Bakewcll  has  remarked,  enor- 
mous masses  of  limestone  are  cut  through  so  regularly  by  nearly  vertical 
partings,  and  these  are  often  so  much  more  conspicuous  than  the  seams 
of  stratification,  that  an  inexperienced  observer  will  almost  inevitably 
confound  them,  and  suppose  the  strata  to  be  perpendicular  in  places  where 
in  fact  tliov  are  almost  horizontal.* 

Now  tliese  joints  are  supposed  to  be  analogous  to  those  partings  which 
have  Ix^eu  already  observed  to  separate  volcanic  and  plutonic  rocks  into 
cuboidal  and  prismatic  masses.  On  a  small  scale  we  see  clay  and  starch 
when  dry  split  into  similar  shapes,  which  is  often  caused  by  simple  con- 
traction, whether  the  shrinking  be  due  to  the  evaporation  of  water,  or 
to  a  change  of  temperature.  It  is  well  known  that  many  sandstones  and 
other  rocks  expand  by  the  application  of  moderate  degrees  of  heat,  and 
then  contract  again  on  cooling ;  and  there  can  be  no  doubt  that  large 
portions  of  the  earth's  crust  have,  in  the  course  of  past  ages,  been  sub- 
jected again  and  again  to  very  diflPerent  degrees  of  heat  and  cold.  These 
alternations  of  temperature  have  probably  contributed  largely  to  the 
production  of  joints  in  rocks. 

In  some  countries,  as  in  Saxony,  where  masses  of  basalt  rest  on  sand- 

*  Introdaotion  to  Geology,  chap.  It. 
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stone,  the  aqueouB  rock  has  for  the  distance  of  several  feet  from  the 
point  of  junction  assumed  a  columnar  structure  similar  to  that  of  the 
trap.  In  like  manner  some  hearthstones,  after  exposure  to  the  heat  of 
a  furnace  without  being  melted,  have  become  prismatic.  Certain  crys- 
tals also  acquire  by  the  application  of  heat  a  new  internal  arrangement, 
80  as  to  break  in  a  new  direction,  their  external  form  remaining  unal- 
tered. 

Sir  R.  Murchison  observes,  that  in  referring  both  joints  and  slaty 
cleavage  to  crystalline  action,  we  are  borne  out  by  a  well-known  analogy 
in  which  crystallization  has  in  like  manner  given  rise  to  two  distinct 
kinds  of  structure  in  the  same  body.  Thus,  for  example,  in  a  six-sided 
prism  of  quartz,  the  planes  of  cleavage  are  distinct  from  those  of  the 
prism.  It  is  impossible  to  cleave  the  crystals  parallel  to  the  plane  of  the 
prism,  just  as  slaty  rocks  cannot  be  cleaved  parallel  to  the  joints;  bat 
the  quartz  crystal,  like  the  older  schists,  may  be  cleaved  ad  infinitum 
in  the  direction  of  the  cleavage  planes.* 

It  seems,  therefore,  that  the  fissures  called  joints  may  have  been  the 
result  of  different  causes,  as  of  some  modification  of  crystalline  action, 
or  simple  contraction  during  consolidation,  or  during  a  change  of  temper- 
ature. And  there  are  cases  where  joints  may  have  been  due  to  mechan- 
ical violence,  and  the  strain  exerted  on  strata  during  their  upheaval,  or 
when  they  have  sunk  down  below  their  former  level.  Professor  Phillips 
has  suggested  that  the  previous  existence  of  divisional  planes  may  often 
have  determined,  and  must  greatly  have  modified,  the  lines  and  points 
of  fracture  caused  in  rocks  by  those  forces  to  which  they  owe  their  ele^ 
vation  or  dislocations.  These  lines  and  points  being  those  of  least 
resistance,  cannot  fail  to  have  influenced  the  direction  in  which  the  solid 
mass  would  give  way  on  the  application  of  external  force. 

Professor  Phillips  has  also  remarked  that  in  some  slaty  rocks  the  form 
of  the  outline  of  fossil  shells  and  trilobites  has  been  much  changed  by 
distortion,  which  bas  taken  place  in  a  longitudinal,  transverse,  or  oblique 
direction.  This  change,  he  adds,  seems  to  be  the  result  of  a  '^  creeping 
movement"  of  the  particles  of  the  rock  along  the  planes  of  cleavage,  its 
direction  being  always  uniform  over  the  same  tract  of  country,  and  its 
amount  in  space  being  sometimes  measurable,  and  being  as  much  as  a 
quarter,  or  even  half  an  inch.  The  hard  shells  are  not  affected,  but  only 
those  which  are  thin.f  Mr.  D.  Sharpe,  following  up  the  same  line  of 
inquiry,  came  to  the  conclusion,  that  the  present  distorted  forms  of  the 
shells  in  certain  British  slate  rocks  may  be  accounted  for  by  supposing 
that  the  rocks  in  which  they  are  imbedded  have  undergone  compression 
in  a  direction  perpendicular  to  the  planes  of  cleavage,  and  a  correspond- 
ing expansion  in  the  direction  of  the  dip  of  the  cleavage.;^ 

Mr.  Darwin  infers  from  his  observations,  that  in  South  America  the 
strike  of  the  cleavage  planes  is  very  uniform  over  wide  regions,  and  that 
it  corresponds  with  the  strike  of  the  planes  of  foliation  in  the  gneiss  and 

*  Silurian  System  of  Rocks,  &c.,  p.  246.' 
f  Report,  Brit.  Ass.,  Cork,  1848,  p.  60. 
X  Quart  Geol.  Journ.,  toI.  iii.  p.  87,  1847. 
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mica-flchists  of  the  same  partB  of  Chili,  Tierra  del  Fuego,  &c.  The  ezpla* 
nation  which  he  suggests,  is  based  upon  a  combination  of  mechanical  and 
crystalline  forces.  The  planes,  he  says,  of  cleavage,  and  even  the  foliation 
of  mica-schist  and  gneiss,  may  be  intimately  connected  with  the  planes  of 
different  tension  to  which  the  area  was  long  subjected,  after  the  main  fis- 
sures or  axis  of  upheavement  had  been  formed,  but  hefort  the  final  con- 
solidation of  the  mass  and  the  total  cessation  of  all  molecular  movement.* 

I  have  already  stated  that  some  extremely  fine  slates  are  perfectly 
parallel  to  the  planes  of  stratification,  as  those  of  the  Niesen,  for  exam- 
ple, near  the  Lake  of  Thun,  in  Switzerland,  which  contain  fucoids,  and 
are  no  doubt  due  to  successive  aqueous  deposition.  Even  where  the 
alates  are  oblique  to  the  general  planes  of  the  strata,  it  by  no  means 
follows  as  a  matter  of  course  that  t^ey  have  been  caused  by  crystalline 
action,  for  they  may  be  the  result  of  that  diagonal  lamination  which  I 
have  before  described  (p.  17).  In  this  case,  however,  there  is  usually 
much  irregularity,  whereas  cleavage  planes  oblique  to  the  true  stratifica- 
tion, which  are  referred  to  a  crystalUne  action,  are  often  perfecUy  sym- 
metrical, and  observe  a  strict  geometrical  parallelism,  even  when  the 
■trata  are  contorted,  as  already  described  (p.  470). 

Professor  Sedgwick,  speaking  of  the  planes  of  slaty  cleavage,  where 
they  are  decidedly  distinct  from  those  of  sedimentary  deposition,  declares 
his  opinion  that  no  retreat  of  parts,  no  contraction  in  the  dimensions  of 
rocks  in  passing  to  a  solid  state,  can  account  for  the  phenomenon.  It 
must  be  referred  to  crystalline  or  polar  forces  acting  simultaneously,  and 
somewhat  uniformly,  in  given  directions,  on  large  masses  having  a  homo- 
geneous composition. 

Sir  John  Herschel,  in  allusion  to  slaty  cleavage,  has  suggested,  *^  that 
if  rocks  have  been  so  heated  as  to  allow  a  commencement  of  crystalliia- 
tion  \  that  is  to  say,  if  they  have  been  heated  to  a  point  at  which  the 
particles  can  begin  to  move  among  themselves,  or  at  least  on  their  own 
axes,  some  general  law  must  then  determine  the  position  in  which  these 
particles  will  rest  on  cooling.  Probably  that  position  will  have  some 
relation  to  the  direction  in  which  the  heat  escapes.  Now,  when  all,  or 
a  majority  of  particles  of  the  same  nature,  have  a  general  tendency  to 
one  position,  that  must  of  course  determine  a  cleavage  plane.  Thus  we 
see  the  infinitesimal  crystals  of  fresh  precipitated  sulphate  of  barytes, 
and  some  other  such  bodies,  arrange  themselves  alike  in  the  fl  ad  in 
which  they  float ;  so  as,  when  stirred,  all  to  glance  with  one  light,  and 
give  the  appearance  of  silky  filaments.  Some  sorts  of  soap,  in  which 
insoluble  margaratesf  exist,  exhibit  the  same  phenomenon  when  mixed 
with  water ;  and  what  occurs  in  our  experiments  on  a  minute  scale  may 
occur  in  nature  on  a  great  one."J 

*  Geol.  Obs.  on  S.  America,  1846,  p.  168. 

f  Margario  aoid  is  an  oleaginous  acid,  formed  from  different  animal  and  ve- 
getable fatty  substances.  A  margarate  is  a  compound  of  this  acid  with  soda, 
potash,  or  some  other  base,  and  is  so  named  from  its  pearly  lustre. 

X  Letter  to  the  author,  dated  Cape  of  Good  Hope,  Feb.  20,  1836. 
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metamorphtc  rocks  —  continued. 

Strata  near  some  intmsiTe  masses  of  granite  converted  into  rocks  identical  witfc 
different  members  of  the  metamorphic  series — Arguments  hence  derived  as  tc 
the  nature  of  plutonic  action — Time  may  enable  this  action  to  pervade  denser 
masses — From  what  kinds  of  sedimentary  rock  each  variety  of  the  metamor- 
phic class  may  be  derived  —  Certain  objections  to  the  metamorphic  theory 
considered — Lamination  of  trachyte  and  obsidian  due  to  motion  —  Whether 
some  kinds  of  gneiss  have  become  schistose  by  a  similar  action. 

It  has  been  seen  that  geologists  have  been  very  generally  led  to  infer, 
from  the  phenomena  of  joints  and  slaty  cleavage^  that  mountain  masses, 
of  which  the  sedimentary  origin  is  unquestionable,  have  been  acted  upon 
simultaneously  by  vast  crystalline  forces.  That  the  structure  of 
fossiliferous  strata  has  often  been  modified  by  some  general  cause  since 
their  original  deposition,  and  even  subsequently  to  their  consolidation 
and  dislocation,  is  undeniable.  These  facts  prepare  us  to  believe  that 
still  greater  changes  may  have  been  worked  out  by  a  greater  intensity, 
or  more  prolonged  develpmcnt  of  the  same  agency,  combined,  perhaps, 
with  other  causes.  Now  we  have  seen  that,  near  the  immediate  contact 
of  granitic  veins  and  volcanic  dikes,  very  extraordinary  alterations  in 
rocks  have  taken  place,  more  especially  in  the  neighbourhood  of  granite. 
It  will  be  useful  here  to  add  other  illustrations,  showing  that  a  texture 
undistinguishable  from  that  which  charact<)rizes  the  more  crystalline 
metamorphic  formations,  has  actually  been  superinduced  in  strata  once 
fossiliferous. 

In  the  southern  extremity  of  Norway  there  is  a  large  district,  on  the 
west  side  of  the  fiord  of  Christiania,  in  which  granite  or  syenite  protrudes 
in  mountain  masses  through  fossiliferous  strata,  and  usually  sends  veins 
into  them  at  the  point  of  contact.  The  stratified  rocks,  replete  with 
shells  and  zoophytes,  consist  chiefly  of  shale,  limestone,  and  some  sand- 
stone, and  all  these  are  invariably  altered  near  the  granite  for  a  distance 
of  from  50  to  400  yards.  The  aluminous  shales  are  hardened  and  have 
become  flinty.  Sometimes  they  resemble  jasper.  Ribboned  jasper  is 
produced  by  the  hardening  of  alternate  layers  of  green  and  chocolate- 
coloured  schist,  each  stripe  faithfully  representing  the  original  lines  of 
stratification.  Nearer  the  granite  the  schist  often  contains  crystals  of 
hornblende,  which  are  even  met  with  in  some  places  for  a  distance  of 
several  hundred  yards  from  the  junction ;  and  this  black  hornblende  is 
so  abundant  that  eminent  geologists,  when  passing  through  the  country, 
have  confounded  it  with  the  ancient  homblcndc-schist,  subordinate  to 
the  great  gneiss  formation  of  Norway.  Frequently,  between  the  granite 
and  the  hornblende  slate,  above  mentioned,  grains  of  mica  and  crystal- 
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line  felspar  appear  in  the  scluBt,  eo  that  rocks  lesembling  gnnn  and 
mica-scbiat  are  produced.  Foseib  can  rarelj  be  delected  in  these  flcbiste, 
and  they  arc  more  completely  eflaced  in  proportion  to  the  more  crystal- 
line texture  of  the  beds,  and  their  vicinitj  to  the  granite.  In  some 
places  the  Biliceous  matter  of  the  schist  becomes  a  grannlaT  qiurti ;  and 
when  homblcado  and  mica  are  added,  the  altered  rock  loses  its  stratifi- 
cation, and  passes  into  a  granite.  The  limestone,  which  at  points  remote 
from  the  granite  is  of  an  earthy  texture,  blue  colour,  and  oAen  abounds 
in  corals,  becomes  a  while  granular  marble  near  the  granite,  sometimes 
siliceous,  the  graonlar  strncture  exteodiog  occasionally  upwards  of  400 
yards  from  the  junction ;  and  the  carats  being  for  the  most  part  oblit- 
erated, though  sometimes  preserved,  even  in  the  whit«  marble.    Both 


the  altered  limestone  and  hardened  state  coDlaiu  garnets  in  many  places, 
also  ores  of  iron,  lead,  and  copper,  with  some  silver.  These  alterations 
occur  equally,  whether  the  granite  invades  the  strata  in  a  line  parallel 
to  the  general  strike  of  the  fossilifcrous  beds,  or  in  a  line  at  right  angles 
to  their  strike,  as  will  be  seen  by  the  accompanying  ground  plan.* 

The  indurated  and  ribboned  schists  above  mentioned  bear  a  strong 
resemblanee  to  certain  shales  of  the  coal  found  at  RusscH's  Hall,  near 
Ihidley,  where  coal-mines  have  been  on  fire  for  ages,  Beds  of  shale  of 
considerable  thickness,  lying  over  the  burning  coal,  have  been  baked  and 
hardened  so  as  to  acquire  a  flinty  fracture,  the  layers  being  alternately 
green  and  brick-coloured. 

The  granite  of  Cornwall,  in  like  manner,  sends  forth  veins  into  a 
coarse  argillaceous-schist,  provincially  termed  kiltas.  This  killas  is  con- 
verted into  homblendc-schist  near  (he  contact  witli  the  veins.  These 
appearances  are  well  seen  at  the  juactinu  of  the  granite  and  killas,  in 
St.  Michael's  Mount,  a  small  island  nearly  300  feet  high,  situated  in 
the  bay,  at  the  distance  of  about  three  mites  from  Penzance, 

The  granite  of  Dartmoor,  in  Devonshire,  says  Sir  H.  De  la  Bcche, 

•  Ecilhau,  Offi>  Norregics,  pp.  61 — &S, 
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has  intruded  itself  into  the  slate  and  slaty  sandstoni  called  greywaok^, 
twisting  and  contorting  the  strata,  and  sending  veins  into  them.  Hence 
some  of  the  slate  rocks  have  become  ^^  micaceous  -,  others  more  indu* 
rated,  and  with  the  characters  of  mica-slate  and  gneiss;  while  others 
again  appear  converted  into  a  hard-zoned  rock  strongly  impregnated  with 
felspar."  * 

We  learn  from  the  investigations  of  M.  Dufr^noy,  that  in  the  eastern 
Pyrenees  there  are  mountain  masses  of  granite  posterior  in  date  to  the 
formations  called  lias  and  chalk  of  that  district,  and  that  these  fossiliferous 
rocks  are 'greatly  altered  in  texture,  and  often  charged  with  iron  ore,  in 
the  neighbourhood  of  the  granite.  Thus,  in  the  environs  of  St.  Martin, 
near  St.  Paul  de  F^nouillet,  the  chalky  limestone  becomes  more  crystal- 
line  and  saccharoid  as  it  approaches  the  granite,  and  loses  all  trace  of 
the  fossils  which  it  previously  contained  in  abundance.  At  some  points, 
also,  it  becomes  dolomitic,  and  filled  with  small  veins  of  carbonate  of 
iron,  and  spots  of  red  iron-ore.  At  Ranci6  the  lias  nearest  the  granite 
is  not  only  filled  with  iron-ore,  but  charged  with  pyrites,  tremolite, 
garnet,  and  a  new  mineral  somewhat  allied  to  felspar,  called,  from  the 
place  in  the  Pyrenees  where  it  occurs,  "  couzeranite." 

Now  the  alterations  above  described  as  superinduced  in  rocks  by  vol- 
canic dikes  and  granite  veins,  prove  incontestably  that  powers  exist  in 
nature  capable  of  transforming  fossiliferous  into  crystalline  strata — 
powers  capable  of  generating  in  them  a  new  mineral  character,  similar, 
nay,  often  absolutely  identical,  with  that  of  gneiss,  mica-schist,  and 
other  stratified  members  of  the  hypogene  series.  The  precise  nature 
of  these  altering  causes,  which  may  provisionally  be  termed  plutonic,  is 
in  a  great  degree  obscure  and  doubtful ;  but  their  reality  is  no  less  clear, 
and  we  must  suppose  the  influence  of  heat  to  be  in  some  way  connected 
with  the  transmutation,  if,  for  reasons  before  explained,  we  concede  the 
igneous  origin  of  granite. 

The  experiments  of  Gregory  Watt,  in  fusing  rocks  in  the  laboratory, 
and  allowing  them  to  consolidate  by  slow  cooling,  prove  distinctly  that 
a  rock  need  not  be  perfectly  melted  in  order  that  a  re-arrangement  of  its 
component  particles  should  take  place,  and  a  partial  crystallization 
ensue.f  We  may  easily  suppose,  therefore,  that  all  traces  of  shells  and 
other  organic  remains  may  be  destroyed ;  and  that  new  chemical  combi- 
nations may  arise,  without  the  mass  being  so  fused  as  that  the  lines  of 
stratification  should  be  wholly  obliterated. 

We  must  not,  however,  imagine  that  heat  alone,  such  as  may  be 
applied  to  a  stone  in  the  open  air,  can  constitute  all  that  is  comprised  in 
plutonic  action.  We  know  that  volcanos  in  eruption  not  only  emit  fluid 
lava,  but  give  off  steam  and  other  heated  gases,  which  rush  out  in  enor- 
mous volume,  for  days,  weeks,  or  years  continuously,  and  are  even  dis- 
engaged from  lava  during  its  consolidation.  When  the  materials  of 
granite,  therefore,  came  in  contact  with  the  fossiliferous  stratum  in  the 

*  QeoL  Manual,  p.  479.  f  P^*  Trans.,  1804. 
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bowels  ci  the  earth  under  great  pressure,  the  ooutamed  gases  might  be 
unable  to  escape ;  yet  when  brought  into  contact  with  rocks,  might  pass 
through  their  pores  with  greater  facility  than  water  is  known  to  do 
(p.  35).  These  aeriform  fluids,  such  as  sulphuretted  hydrogen,  muriatio 
acid,  and  carbonic  acid,  issue  in  many  places  from  rents  in  rocks,  which 
they  have  discoloured  and  corroded,  softening  some  and  hardening  others. 
If  the  rocks  are  charged  with  water,  they  would  pass  through  more 
readily ;  for,  according  to  the  experiments  of  Henry,  water,  under  an 
hydrostatic  pressure  of  96  feet,  will  absorb  three  times  as  much  carbonie 
acid  gas  as  it  can  under  the  ordinary  pressure  of  the  atmosphere.  Al- 
though this  increased  power  of  absorption  would  be  diminished,  in  con* 
sequence  of  the  higher  temperature  found  to  exist  as  we  descend  in  the 
earth,  yet  Professor  Bischofif  has  shown  that  the  heat  by  no  means  aug- 
ments in  such  a  proportion  as  to  counteract  the  efifect  of  augmented 
pressure.^  There  are  other  gases,  as  well  as  the  carbonic  acid,  which 
water  absorbs,  and  more  rapidly  in  proportion  to  the  amount  of  pressure. 
Now  even  the  most  compact  rocks  may  be  regarded,  before  they  have 
been  exposed  to  the  air  and  dried,  in  the  light  of  sponges  filled  with 
water  -,  and  it  is  conceivable  that  heated  gases  brought  into  contact  with 
them,  at  great  depths,  may  be  absorbed  readily,  and  transfused  through 
their  pores.  Although  the  gaseous  matter  first  observed  would  soon  be 
condensed,  and  part  with  its  heat,  yet  the  continual  arrival  of  fresh  sup- 
plies from  below  might,  in  the  course  of  ages,  cause  the  temperature  of 
the  water,  and  with  it  that  of  the  containing  rock,  to  be  materially 
raised. 

M.  Foumet,  in  his  description  of  the  metalliferous  gneiss  near  Cler- 
mont, in  Auvergne,  states  that  all  the  minute  fissures  of  the  rock  are 
quite  saturated  with  free  carbonic  acid  gas,  which  rises  plentifully  from 
the  soil  there  and  in  many  parts  of  the  surrounding  country.  The  va- 
rious elements  of  the  gneiss,  with  the  exception  of  the  quartz,  are  all 
softened ;  and  new  combinations  of  the  acid,  with  lime,  iron,  and  man- 
ganese, are  continually  in  progress.f 

Another  illustration  of  the  power  of  subterranean  gases  is  afforded 
by  the  stufas  of  St.  Calogcro,  situated  in  the  largest  of  the  Lipari  Islands. 
Here,  according  to  the  description  published  by  Hoffmann,  horizontal 
strata  of  tuff,  extending  for  4  miles  along  the  coast,  and  forming  clifik 
more  than  200  feet  high,  have  been  discoloured  in  various  places,  and 
strangely  altered  by  the  "all-penetrating  vapours."  Dark  clays  have 
become  yellow,  or  often  snow-white ;  or  have  assumed  a  chequered  or 
brecciated  appearance,  being  crossed  with  ferruginous  red  stripes.  In 
some  places  the  fumeroles  have  been  found  by  analysis  to  consist  partly 
of  sublimations  of  oxide  of  iron ;  but  it  also  appears  that  veins  of  chal- 
cedony and  opal,  and  others  of  fibrous  gypsum,  have  resulted  from  these 
volcanic  exhalations.;^ 

*  PoggendorTs  Annaleo,  No.  xvi.,  2d  series,  vol.  iii. 
f  See  Principles,  Index^  **  Carbonated  Springs,'*  &c. 
X  Hoflfmann's  Liparischen  loseln,  p.  88.     Leipxig,  1882. 
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The  reader  may  also  refer  to  M.  Virlet's  account  of  the  corrosion  of 
hardy  flinty,  and  jaspideous  rocks  near  Corinth,  by  the  prolonged  agency 
€i  subterranean  gases  ;*  and  to  Dr.  Daubeny's  description  of  the  decom- 
position of  trachytic  rocks  in  the  Sol&tara,  near  Naples,  by  sulphuretted 
hydrogen  and  muriatic  acid  gases.f 

Although  in  all  these  instances  we  can  only  study  the  phenomena  as 
exhibited  at  the  surface,  it  is  clear  that  the  gaseous  fluids  must  have 
made  their  way  through  the  whole  thickness  of  porous  or  fissured  rocks, 
which  intervene  between  the  subterranean  reservoirs  of  gas  and  the 
external  air.  The  extent,  therefore,  of  the  earth's  crust,  which  the 
vapours  have  permeated  and  are  now  permeating,  may  be  thousands  of 
fiithoms  in  thickness,  and  their  heating  and  modifying  influence  may  be 
spread  throughout  the  whole  of  this  solid  mass. 

We  learn  from  Professor  Bischoff  that  the  steam  of  a  hot  spring  at 
Aix-la-Chapelle,  although  its  temperature  is  only  from  133°  to  167°  F., 
has  converted  the  surface  of  some  blocks  of  black  marble  into  a  doughy 
mass.  He  conceives,  therefore,  that  steam  in  the  bowels  of  the  earth 
having  a  temperature  equal  or  even  greater  than  the  melting  point  of 
lava,  and  having  an  elasticity  of  which  even  Papin's  digester  can  give 
bat  a  faint  idea,  may  convert  rocks  into  liquid  matter. | 

The  above  observations  arc  calculated  to  meet  some  of  the  objections 
which  have  been  urged  against  the  metamorphic  theory  on  the  ground 
of  the  small  power  of  rocks  to  conduct  heat ;  for  it  is  well  known  that 
rooks,  when  dry  and  in  the  air,  difier  remarkably  from  metals  in  this 
respect.  It  has  been  asked  how  the  changes  which  extend  merely  for  a 
few  feet  from  the  contact  of  a  dike  could  have  penetrated  through  moun- 
tain masses  of  crystalline  strata  several  miles  in  thickness.  Now  it  has 
been  stated  that  the  plutonic  influence  of  the  syenite  of  Norway  has 
sometimes  altered  fossiliferous  strata  for  a  distance  of  a  quarter  of  a 
mile,  both  in  the  direction  of  their  dip  and  of  their  strike.  (See  fig. 
512.  p.  474.)  This  is  undoubtedly  an  extreme  case ;  but  is  it  not  fiir 
more  philosophical  to  suppose  that  this  influence  may,  under  favourable 
circumstances,  aflect  denser  masses,  than  to  invent  an  entirely  new  cause 
to  account  for  efifects  merely  differing  in  quantity,  and  not  in  kindf 
The  metamorphic  theory  does  not  require  us  to  affirm  that  some  con- 
tiguous mass  of  granite  has  been  the  altering  power ;  but  merely  that 
an  action,  existing  in  the  interior  of  the  earth  at  an  unknown  depth, 
whether  thermal,  electrical,  or  other,  analogous  to  that  exerted  near  in- 
truding masses  of  granite,  has,  in  the  course  of  vast  and  indefinite 
periods,  and  when  rising  perhaps  from  a  large  heated  surface,  reduced 
strata  thousands  of  yards  thick  to  a  state  of  semi-fusion,  so  that  on 
cooling  they  have  become  crystalline,  like  gneiss.  Granite  may  have 
been  another  result  of  the  same  action  in  a  higher  state  of  intensity,  by 

*  See  Princ.  of  Geol. ;  and  Bulletin  de  la  Soc.  G^ol.  de  France,  torn,  ii., 
p.  230. 

f  See  Princ.  of  Geol. ;  and  Daubeny's  Volcanos,  p.  167. 
X  Jam.  £d.  New  Phil.  Joum.,  No.  51,  p.  48. 
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which  a  thorough  fusion  has  been  produced ;  and  in  this  manner  the 
passage  from  granite  into  gneiss  may  be  explained. 

Some  geologists  are  of  opinion,  that  the  alternate  layers  of  mica  and 
quartz,  or  mica  and  felspar,  or  lime  and  felspar,  are  so  much  more  dis- 
tinct, in  certain  metamorphic  rocks,  than  the  ingredients  composing  alter- 
nate layers  in  many  sedimentary  deposits,  that  the  similar  particles  must 
be  supposed  to  have  exerted  a  molecular  attraction  for  each  other,  and 
to  have  thus  congregated  together  in  layers  more  distinct  in  mineral 
composition  than  before  they  were  crystallised. 

In  considering,  then,  the  various  data  already  enumerated,  the  forms 
of  stratification  in  metamorphic  rocks,  their  passage  on  the  one  hand 
into  the  fossiliferous,  and  on  the  other  into  the  plutonic  formations,  and 
the  conversions  which  can  be  ascertained  to  have  occurred  in  the  vicin- 
ity of  granite,  we  may  conclude  that  gneiss  and  mica-schist  may  be 
nothing  more  than  altered  micaceous  and  argillaceous  sandstones,  that 
granular  quartz  may  have  been  denved  from  siUceous  sandstone,  and 
compact  quartz  from  the  same  materials.  Clay-slate  may  be  altered  shale, 
and  granular  marble  may  have  originated  in  the  form  of  ordinary  lime- 
stone, replete  with  shells  and  corals,  which  have  since  been  obliterated ; 
and,  lastly,  calcareous  sands  and  marls  may  have  been  changed  into  im- 
pure crystalline  limestones. 

"  Hornblende-schist,"  says  Dr.  MacCuUoch,  "  may  at  first  have  been 
clay ;  for  clay  or  shale  is  found  altered  by  trap  into  Lydian  stone,  a 
substance  differing  from  hornblende-schist  almost  solely  in  compactness 
and  uniformity  of  texture."*  "  In  Shetland,"  remarks  the  same  author, 
**  argillaceous-schist  (or  clay-slate),  when  in  contact  with  granite,  is  some, 
times  converted  into  hornblende-schist,  the  schist  becoming  first  siliceous, 
and  ultimately,  at  the  contact,  hornblende-schist,  "f 

The  anthracite  and  plumbago  associated  with  hypogene  rocks  may 
have  been  coal ;  for  not  only  is  coal  converted  into  anthracite  in  the 
vicinity  of  some  trap  dikes,  but  we  have  seen  that  a  like  change  has 
taken  place  generally  even  far  from  the  contact  of  igneous  rocks,  in  the 
disturbed  region  of  the  Appalachians.  J  At  Worcester,  in  the  state  of 
Massachusetts,  45  miles  due  west  of  Boston,  a  bed  of  plumbago  and 
impure  anthracite  occurs,  and  has  been  made  use  of  both  as  fuel,  and 
in  the  manufacture  of  lead-pencils.  At  the  distance  of  30  miles  from 
the  plumbago,  there  occurs,  on  the  borders  of  Rhode  Island,  an  impure 
anthracite  in  slates,  containing  impressions  of  coal-plants  of  the  genera 
Pecopterisy  Naurapten's,  CalamiteSy  &c.  This  anthracite  is  intermediate 
in  character  between  that  of  Pennsylvania  and  the  plumbago  of  Wor- 
cester, in  which  last  the  gaseous  or  volatile  matter  (hydrogen,  oxygen, 
and  nitrogen)  is  to  the  carbon  only  in  the  proportion  of  3  per  cent. 
After  traversing  the  country  in  various  directions,  I  came  to  the  conclu- 

♦  Syst.  of  Geol.,  vol.  ii.,  p.  210.  t  I^i<l-»  P-  211. 

X  See  above,  pp.  827,  333. 
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sion  that  the  carboniferous  shales  or  slates  with  anthracite  and  plants, 
which  in  Rhode  Island  often  pass  into  mica-schist,  have  at  Worcester 
assumed  a  perfectly  crystalline  and  mctamorphic  texture ',  the  anthracite 
having  been  nearly  transmuted  into  that  state  of  pure  carbon  which  is 
called  plumbago  or  graphite.* 

The  total  absence  of  any  trace  of  fossils  has  inclined  many  geologists 
to  attribute  the  origin  of  crystalline  strata  to  a  period  antecedent  to  the 
existence  of  organic  beings.  Admitting,  they  say,  the  obliteration,  in 
some  cases,  of  fossils  by  plutonic  action,  we  might  still  expect  that  traces 
of  them  would  oftener  occur  in  certain  ancient  systems  of  slate,  in  which, 
as  in  Cumberland,  some  conglomerates  occur.  But  in  urging  this  argu- 
ment, it  seems  to  have  been  forgotten  that  there  are  stratified  formations 
of  enormous  thickness,  and  of  various  ages,  and  some  of  them  very 
modem,  all  formed  after  the  earth  had  become  the  abode  of  living  crea- 
tures, which  are,  nevertheless,  in  certain  districts,  entirely  destitute  of 
all  vestiges  of  organic  bodies.  In  some,  the  traces  of  fossils  may  have 
been  effaced  by  water  and  acids,  at  many  successive  periods ;  and  it  is 
clear,  that  the  older  the  stratum,  the  greater  is  the  chance  of  its  being 
Qonfossiliferous,  even  if  it  has  escaped  all  metamorphic  action. 

It  has  been  also  objected  to  the  metamorphic  theory,  that  the  chemi- 
cal composition  of  the  secondary  strata  differs  essentially  from  that  of 
the  crystalline  schists,  into  which  they  are  supposed  to  be  convertible.^ 
The  "primary"  schists,  it  is  said,  usually  contain  a  considerable  propor- 
tian  of  potash  or  of  soda,  which  the  secondary  clays,  shales,  and  slates 
do  not,  these  last  being  the  result  of  the  decomposition  of  felspathic 
rocks,  from  which  the  alkaline  matter  has  been  abstracted  during  the 
process  of  decomposition.  But  this  reasoning  proceeds  on  insufficient 
and  apparently  mistaken  data ;  for  a  largo  portion  of  what  is  usually 
called  clay,  marl,  shale,  and  slate  docs  actually  contain  a  certain,  and 
often  a  considerable,  proportion  of  alkali ;  so  that  it  is  difficult,  in  many 
countries,  to  obtain  clay  or  shale  sufficiently  free  from  alkaline  ingre- 
dients to  allow  of  their  being  burnt  into  bricks  or  used  for  pottery. 

Thus  the  argillaceous  shales  and  slates  of  the  Old  Red  sandstone,  in 
Forfarshire  and  other  parts  of  Scotland,  arc  so  much  charged  with  alkali, 
derived  from  triturated  felspar,  that,  instead  of  hardening  when  exposed 
to  fire,  they  sometimes  melt  into  a  glass.  They  contain  no  lime,  but 
appear  to  consist  of  extremely  minute  grains  of  the  various  ingredients 
of  granite,  which  are  distinctly  visible  in  the  coarser-grained  varieties, 
and  in  almost  all  the  interposed  sandstones.  These  laminated  clays  and 
shales  might  certainly,  if  crystallized,  resemble  in  composition  many  of 
the  primary  strata. 

There  is  also  potash  in  fossil  vegetable  remains,  and  soda  in  the  salts 

by  which  strata  are  sometimes  so  largely  impregnated,  as  in  Patagonia. 

Another  objection  has  been  derived  from  the  alternation  of  highly 

*  See  Lyell,  Quart.  Geol.  Journ.,  vol.  i.,  p.  199. 
t  Dr.  Boase,  Primary  Geology,  p.  319. 
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crystalline  strata  with  others  having  a  less  crystalline  texture.  The 
heat,  it  is  said,  in  its  ascent  from  below,  must  have  trayeraed  the  less 
altered  schists  before  it  reached  a  higher  and  more  crystalline  bed.  In 
answer  to  this,  it  may  be  observed,  that  if  a  nomber  of  strata  differing 
greatly  in  composition  from  each  other  be  subjected  to  equal  quantities 
of  heat,  there  is  every  probability  that  some  will  be  more  fusible  than 
others.  Some,  for  example,  will  contain  soda,  potash,  lime,  or  some 
other  ingredient  capable  of  acting  as  a  flux ;  while  others  may  be  desti- 
tute of  the  same  elements,  and  so  refractory  as  to  be  very  slightly 
affected  by  a  degree  of  heat  capable  of  reducing  others  to  semi-fusion. 
Nor  shauld  it  be  forgotten  that,  as  a  general  rule,  the  less  crystalline 
rocks  do  really  occur  in  the  upper,  and  the  more  crystalline  in  the  lower 
part  of  each  metamorphic  series. 

There  are  geologists,  however,  of  high  authority,  who  admit  the  meta- 
morphic origin  of  gneiss  and  micha-schist  even  on  a  grand  scale  in  some 
mountain-chains,  and  who  nevertheless  believe  that  gneiss  has,  in  some 
instances  been  an  eruptive  rock,  deriving  its  lamination  from  motion 
when  in  a  fluid  or  viscous  state.  Mr.  Scrope,  in  his  description  of  the 
Ponza  Islands,  ascribes  '^  the  xoned  structure  of  the  Hungarian  perlite 
(a  semi-vitreous  trachyte)  to  its  having  subsided,  in  obedience  to  the 
impulse  of  its  own  gravity,  down  a  slightly  inclined  plane,  while  pos- 
sessed of  an  imperfect  fluidity.  In  the  blands  of  Ponza  and  Palmarola, 
the  direction  of  the  zones  is  more  frequently  vertical  than  horizontal, 
because  the  mass  was  impelled  from  below  upwards.''  *  In  like  manner, 
Mr.  Darwin  attributes  the  lamination  and  fissile  structure  of  volcanic 
rocks  of  the  trachytic  series,  including  some  obsidians  in  Ascension, 
Mexico,  and  elsewhere,  to  their  having  moved  when  liquid  in  the  direc- 
tion of  the  laminae.  The  zones  consist  sometimes  of  layers  of  air-cells 
drawn  out  and  lengthened  in  the  supposed  direction  of  the  moving  mass. 
He  compares  this  division  into  parallel  zones,  thus  caused  by  the  stretch- 
ing of  a  pasty  mass  as  it  flowed  slowly  onwards,  to  the  zoned  or  ribboned 
structure  of  ice,  which  Professor  James  Forbes  has  so  ably  explained, 
showing  that  it  is  due  to  the  Assuring  of  a  viscous  body  in  motion.f 
Mr.  Darwin  also  imagines  the  lamination  or  foUation,  as  he  terms  it,  of 
gneiss  and  mica-schist  in  South  America  to  be  the  extreme  result  of  that 
process  of  which  cleavage  is  the  first  effect.  J 

M.  Elie  de  Beaumont,  while  he  regards  the  greater  part  of  the  gneiss 
and  mica-schist  of  the  Alps  as  sedimentary  strata  altered  by  plutonic 
action,  still  conceives  that  some  of  the  Alpine  gneiss  may  have  been 
erupted,  or,  in  other  words,  may  be  granite  drawn  out  into  parallel  la- 
mina) in  the  manner  of  trachyte  as  above  alluded  to.§ 

Opinions  such  as  these,  and  others  which  might  be  cited,  prove  the 
difficulty  of  arriving  at  clear  theoretical  views  on  this  subject.     I  may 

*  Geol.  Trans.,  2d  series,  yoL  ii.  p.  227. 

I*  Darwin,  Volcanic  Islands,  pp.  69,  70. 

X  Geol.  Obi.  in  S.  America,  p.  167.     See  also  above,  p.  471. 

{  Bulletin,  vol.  It.  p.  1801. 
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alflo  add  another  difficulty.  In  many  extensive  regions  exficrienced 
geologists  have  been  at  a  loss  to  decide  which  of  two  sets  of  divisional 
planes  were  referable  to  cleavage  and  which  to  stratification ;  uud  that, 
too,  where  the  rocks  are  of  undisputed  aqueous  origin.  After  much 
doubt,  they  have  sometimes  discovered  that  they  had  at  first  mistaken 
the  lines  of  cleavage  for  those  of  deposition,  because  the  former  were  by 
iar  the  most  marked  of  the  two.  Now  if  such  slaty  masses  should  be- 
come highly  crystalline,  and  be  converted  into  gneiss,  homblcnde-schist, 
or  any  other  member  of  the  hypogene  class,  the  cleavage  planes  would 
be  more  likely  to  remain  visible  than  those  of  stratification. 

But  although  the  cause  last-mentioned  may,  in  some  instances,  be  a 
*'vera  causa,"  as  applied  to  gneiss  and  mica-schist,  I  believe  it  to  be  an 
exception  to  tbe  general  rule.  Nor  would  it,  I  conceive,  produce  that 
kind  of  irregular  parallelism  in  the  laminsd  which  belongs  to  so  many 
of  the  hypogene  rocks  of  the  Grampians,  Pyrenees,  and  the  White 
mountains  of  North  America,  where  I  have  chiefly  studied  them. 

But  it  will  be  impossible  for  the  reader  duly  to  appreciate  the  pro- 
priety of  the  term  metamorphic,  as  applied  to  the  strata  formerly  called 
primitive,  until  I  have  shown,  in  the  next  chapter,  at  how  many  distinct 
periods  these  crystalline  strata  have  been  formed. 


CHAPTER  XXXVIL 

ON   THE  DIFFERENT  AGES  OF  THE   METAMORPHIO  ROCKS. 

Age  of  each  set  of  metamorphio  strata  twofold — Test  of  age  by  fossils  and  min- 
eral character  not  available  —  Test  by  superposition  ambiguous  —  Conyersion 
of  dense  masses  of  fossiliferous  strata  into  metamorphic  rocks  —  Limestone - 
and  shale  of  Carrara  —  Metamorphic  strata  of  modem  periods  in  the  Alps  of 
Switzerland  and  Savoy — Why  the  visible  crystalline  strata  are  none  of  them- 
very  modem  —  Order  of  succession  in  metamorphic  rocks — Uniformity  of 
mineral  character — ^Why  the  metamorphic  strata  are  less  calcareous  than  th^ 
fossiliferous. 

According  to  the  theory  adopted  in  the  last  chapter,  the  ago  of  each 
set  of  metamorphic  strata  is  twofold  —  they  have  been  deposited  at  one 
period,  they  have  become  crystalline  at  another.  We  can  rarely  hope 
to  define  with  exactness  the  date  of  both  these  periods,  the  fossils  having, 
been  destroyed  by  plutonic  action,  and  the  mineral  characters  being  the 
same,  whatever  the  age.  Superposition  itself  is  an  ambiguous  test,  es- 
pecially when  we  desire  to  determine  the  period  of  crystallization.  Sup- 
pose, for  example,  we  are  convinced  that  certain  metamorphic  strata  in 
the  Alps,  which  are  covered  by  cretaceous  beds,  are  altered  lias ;  this 
lias  may  have  assumed  its  crystalline  texture  in  the  cretaceous  or  in  some 
tertiary  period,  the  Eocene  for  example.  If  in  the  latter,  it  should  be 
called  Eocene  when  regarded  as  a  metamorphic  rock,  although  it  be  lias- 
Si 
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sic  when  considered  in  reference  to  the  era  of  its  deposition.  According 
to  this  view,  the  superposition  of  chalk  does  not  prevent  the  subjacent 
metamorphic  rock  from  being  Eocene.  If,  however,  in  the  progress  of 
science,  we  should  succeed  in  ascertaining  the  twofold  chronological 
relations  of  the  metamorphic  formations,  it  might  be  useful  to  adopt  a 
twofold  terminology.  We  might  call  the  strata  above  alluded  to  Liaasio- 
Eocene,  or  Liassic-Bretaceous  strata  of  the  Hjpogene  class;  the  first  term 
referring  to  the  era  of  deposition,  the  second  to  that  of  crystallizadon. 

When  discussing  the  ages  of  the  plutonio  rocks,  we  have  seen  that 
examples  occur  of  various  primary,  secondary,  and  tertiary  deposits  con- 
verted into  metamorphic  strata,  near  their  contact  with  granite.  There 
can  be  no  doubt  in  these  cases  that  strata,  once  composed  of  mud,  sand, 
and  gravel,  or  of  clay,  marl,  and  shelly  limestone,  have  for  the  distance 
of  several  yards,  and  in  some  instances  several  hundred  feet,  been  turned 
into  gneiss,  mica-schist,  hornblende-schist,  chlorite-schist,  quartz  rock, 
statuary  marble,  and  the  rest.     (See  the  two  preceding  Chapters). 

But  when  the  metamorphic  action  has  operated  on  a  grander  scale,  it 
tends  entirely  to  destroy  all  monuments  of  the  date  of  its  development. 
It  may  be  easy  to  prove  the  identity  of  two  different  parts  of  the  same 
stratum ;  one,  where  the  rock  has  been  in  contact  with  a  volcanic  or 
plutonic  mass,  and  has  been  changed  into  marble  or  hornblende-schist, 
and  another  not  far  distant,  where  the  same  bed  remains  unaltered  and 
fossiliferous ;  but  when  we  have  to  compare  two  portions  of  a  mountain 
chain  —  the  one  metamorphic,  and  the  other  unaltered  —  all  the  labour 
and  skill  of  the  most  practised  observers  are  required.  I  shall  mention 
one  or  two  examples  of  alteration  on  a  grand  scale,  in  order  to  explain 
to  the  student  the  kind  of  reasoning  by  which  we  are  led  to  infer  that 
dense  masses  of  fossiliferous  strata  have  been  converted  into  crystalline 
rocks. 

Nortliem  Appenines  —  Carrara. — The  celebrated  marble  of  Carrara, 
'Tised  in  sculpture,  was  once  regarded  as  a  type  of  primitive  limestone. 
It  abounds  in  the  mountains  of  Massa  Carrara,  or  the  "  Apuan  Alps," 
as  they  have  been  called,  the  highest  peaks  of  which  are  nearly  6000 
feet  high.  Its  great  antiquity  was  inferred  from  its  mineral  texture, 
•from  the  absence  of  fossils,  and  its  passage  downward  into  talc-schist 
and  garnetiferous  mica-schist ;  these  rocks  again  graduating  downwards 
into  gneiss,  which  is  penetrated,  at  Fomo,  by  granite  veins.  Now  the 
researches  of  MM.  Savi,  Bou^,  Pareto,  Guidoni,  De  la  Beche,  Hoffmann, 
and  Pilia,  have  demonstrated  that  this  marble,  once  supposed  to  be 
formed  before  the  existence  of  organic  beings,  is,  in  fact,  an  altered 
limestone  of  the  Oolitic  period,  and  the  underlying  crystalline  schists 
are  secondary  sandstones  and  shales,  modified  by  plutonic  action.  In 
order  to  establish  these  conclusions  it  was  first  pointed  out,  that  the  cal- 
careous rocks  bordering  the  Gulf  of  Spezia,  and  abounding  in  Oolitic 
fossils,  assume  a  texture  like  that  of  Carrara  marble,  in  proportion  as 
they  are  more  and  more  invaded  by  certain  trappean  and  plutonic  rocks, 
such  as  diorite^  enphotide,  serpentine^  and  granite,  occurring  in  the  same 
country. 
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It  was  then  observed  that,  in  places  where  the  secondary  formations 
are  unaltered,  the  uppermost  consist  of  common  Apennine  limestone 
with  nodules  of  flint,  below  which  are  shales,  and  at  the  base  of  all,  ar- 
gillaceous and  siliceous  sandstones.  In  the  limestone,  fossils  are  frequent, 
but  very  rare  in  the  underlying  shale  and  sandstone.  Then  a  gradation 
was  traced  laterally  from  those  rocks  into  another  and  corresponding 
series,  which  is  completely  metamorphic ;  for  at  the  top  of  this  we  find 
a  white  granular  marble,  wholly  devoid  of  fossils,  and  almost  without 
stratification,  in  which  there  are  no  nodules  of  flint,  but  in  its  place 
siliceous  matter  disseminated  through  the  mass  in  the  form  of  prisms  of 
quartz.  Below  this,  and  in  place  of  the  shales,  arc  talc-schists,  jasper, 
and  homstone ;  and  at  the  bottom,  instead  of  the  siliceous  and  argilla* 
ceous  sandstones,  are  quartzite  and  gneiss.*  Had  these  secondary  strata 
of  the  Apennines  undergone  universally  as  great  an  amount  of  transmu- 
tation, it  would  have  been  impossible  to  form  a  conjecture  respecting 
their  true  age ;  and  then,  according  to  the  common  method  of  geological 
classification,  they  would  have  ranked  as  primary  rocks.  In  that  case 
the  date  of  their  origin  would  have  been  thrown  back  to  an  era  antece- 
dent to  the  deposition  of  the  Lower  Silurian  or  Cambrian  strata,  although 
in  reality  they  were  formed  in  the  Oolitic  period,  and  altered  at  some 
subsequent  and  perhaps  much  later  epoch. 

Alps  of  Switzerland. — In  the  Alps,  analogous  conclusions  have  been 
drawn  respecting  the  alteration  of  strata  on  a  still  more  extended  scale. 
In  the  eastern  part  of  that  chain,  some  of  the  primary  fossiliferous  strata, 
as  well  as  the  older  secondary  formations,  together  with  the  oolitic  and 
cretaceous  rocks,  are  distinctly  recognizable.  Tertiary  deposits  also 
appear  in  a  less  elevated  position  on  the  flanks  of  the  Eastern  Alps ;  but 
in  the  Central  or  Swiss  Alps,  the  primary  fossiliferous  and  older  second* 
ary  formations  disappear,  and  the  Cretaceous,  Oolitic,  Liassic,  and  at 
some  points  even  the  Eocene  strata,  graduate  insensibly  into  metamor- 
phic rocks,  consisting  of  granular  limestone,  talc-schist,  talcose-gnciss, 
micaceous  schist,  and  other  varieties.  In  regard  to  the  age  of  this  vast 
assemblage  of  crystalline  strata,  we  can  merely  affirm  that  some  of  the 
upper  portions  are  altered  newer  secondary,  and  some  of  them  even 
Eocene  deposits ;  but  we  cannot  avoid  suspecting  that  the  disappearance 
both  of  the  older  secondary  and  primary  fossiliferous  rocks  may  be 
owing  to  their  all  having  been  converted  in  this  region  into  crystalline 
schist. 

It  is  difficult  to  convey  to  those  who  have  never  visited  the  Alps  a 
just  idea  of  the  various  proofs  which  concur  to  produce  this  conviction. 
In  the  first  place,  there  are  certain  regions  where  Oolitic,  Cretaceous, 
and  Eocene  strata  have  been  turned  into  granular  marble,  gneiss,  and 
other  metamorphic  schists,  near  their  contact  with  granite.  This  fact 
shows  undeniably  that  plutonic  causes  continued  to  be  in  operation  in 

*  See  notices  of  Set!,  Hoffmann,  and  others,  referred  to  by  Bou^,  Bull,  de  la 
800.  660I.  de  France,  torn,  v.,  p.  817;  and  torn,  iii.,  p.  zlir. ;  also  Pilla,  cited 
by  MnrohisoD,  Qaart  QeoL  Joom.,  vol.  v.,  p.  266. 
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the  Alp8  down  to  a  late  period,  even  after  the  depositioD  of  some  of  the 
nummulitic  or  older  Eocene  formations.  Haying  established  this  pointy 
we  are  the  more  willing  to  believe  that  many  inferior  fossiliferoiui  rocks, 
probably  exposed  for  longer  periods  to  a  similar  action,  may  have  beo<mie 
metamorphic  to  a  still  greater  extent. 

We  also  discover  in  parts  of  the  Swiss  Alps  dense  masses  of  second- 
ary and  even  tertiary  strata,  which  have  assumed  that  semi-crystaUine 
texture  which  Werner  called  transition,  and  which  naturally  led  his  fol- 
lowers, who  attached  great  importance  to  mineral  charact^B  taken  alone, 
to  class  them  as  transition  formations,  or  as  groups  older  than  the  lowest 
secondary  rocks.  (See  p.  92.)  Now,  it  is  probable  that  these  strata 
have  been  afifected,  although  in  a  less  intense  degree,  by  that  same  plo- 
tonic  action  which  has  entirely  altered  and  rendered  metamorphic  so 
many  of  the  subjacent  formations ;  for  in  the  Alps,  this  action  has  by 
no  means  been  confined  to  the  immediate  vicinity  of  granite.  Granite,  in- 
deed, and  other  plutonic  rocks,  rarely  make  their  appearance  at  the  snr* 
face,  notwithstanding  the  deep  ravines  which  Jay  open  to  view  the 
internal  structure  of  these  mountains.  That  they  exist  below  at  no 
great  depth  we  cannot  doubt,  and  we  have  already  seen  (p.  445)  that  at 
some  points,  as  in  the  Yalorsine,  near  Mont  Blanc,  granite  and  granitie 
veins  are  observable,  piercing  through  talcose  gneiss,  which  passes  insen- 
sibly upwards  into  secondary  strata. 

It  is  certainly  in  the  Alps  of  Switzerland  and  Savoy,  more  than  in 
any  other  district  in  Europe,  that  the  geologist  is  prepared  to  meet  with 
the  signs  of  an  intense  development  of  plutonic  action ;  for  here  we  find 
the  most  stupendous  monuments  of  mcchaDical  violence,  by  which  strata 
thousands  of  feet  thick  have  been  bent,  folded,  and  overturned.  (See 
p.  58.)  It  is  here  that  marine  secondary  formations  of  a  comparatively 
modem  date,  such  as  the  Oolitic  and  Cretaceous,  have  been  upheaved 
to  the  height  of  12,000,  and  some  Eocene  strata  to  elevations  of  10,000 
feet  above  the  level  of  the  sea ;  and  even  deposits  of  the  Miocene  era 
have  been  raised  4000  or  5000  feet,  so  as  to  rival  in  height  the  loftiest 
mountains  in  Great  Britain. 

If  the  reader  will  consult  the  works  of  many  eminent  geologists  who 
have  explored  the  Alps,  especially  those  of  MM.  De  Beaumont,  Studer, 
Necker,  Bou6,  and  Murchison,  he  will  learn  that  they  all  share,  more 
or  less  fully,  in  the  opinions  above  expressed.  It  has,  indeed,  been 
stated  by  MM.  Studer  and  Hugi,  that  there  are  complete  alternations 
on  a  large  scale  of  secondary  strata,  containing  fossils,  with  gneiss  and 
other  rocks,  of  a  perfectly  metamorphic  structure.  I  have  visited  some 
of  the  most  remarkable  localities  referred  to  by  these  authors ;  but  al- 
though agreeing  with  them  that  there  are  passages  from  the  fossiliferous 
to  the  metamorphic  series  far  from  the  contact  of  granite  or  other  plu- 
tonic rocks,  I  was  unable  to  convince  myself  that  the  distinct  alterna- 
tions of  highly  crystalline,  with  unaltered  strata  above  alluded  to,  might 
not  admit  of  a  different  explanation.  In  one  of  the  sections  desmbed 
hj  M.  Studer  in  the  highest  of  the  Bernese  AlpS|  namely  in  the  Both* 
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thai,  a  valley  bordering  the  line  of  perpetual  snow  on  the  northern  side 
of  the  JungfraUy  there  occurs  a  mass  of  gneiss  1000  feet  thick,  and 
15,000  feet  long,  which  I  examined,  not  only  resting  upon,  but  also 
again  covered  by  strata  containing  oolitic  fossils.  These  anomalous  ap 
pearances  may  partly  be  explained  by  supposing  great  solid  wedges  of 
intrusive  gneiss  to  have  been  forced  in  laterally  between  strata  to  which 
I  found  them  to  be  in  many  sections  unconformable.  The  superposi 
tion,  also,  of  the  gneiss  to  the  oolite  may,  in  some  cases,  be  due  to  a 
reversal  of  the  original  position  of  the  beds  in  a  region  where  the  con- 
vulsions have  been  on  so  stupendous  a  scale. 

On  the  Sattel  also,  at  the  base  of  the  Gcstellibom,  above  Enzen,  in 
the  valley  of  Urbach,  near  Meyringcn,  some  of  the  intercalations  of 
gneiss  between  fossiliferous  strata  may,  I  conceive,  be  ascribed  to  me- 
chanical derangement.  Almost  any  hypothesis  of  repeated  changes  of 
position  may  be  resorted  to  in  a  region  of  such  extraordinary  confusion. 
The  secondary  strata  may  first  have  been  vertical,  and  then  certain  por- 
tions may  have  become  metamorphic  (the  plutonic  influence  ascending 
from  below),  while  intervening  strata  remain  unchanged.  The  whole 
series  of  beds  may  then  again  have  been  thrown  into  a  nearly  horizontal 
position,  giving  rise  to  the  superposition  of  crystalline  upon  fossiliferous 
formations. 

It  was  remarked,  in  Chap.  XXXIV .,  that  as  the  hypogene  rocks,  both 
stratified  and  unstratified,  crystallize  originally  at  a  certain  depth  beneath 
the  surface,  they  must  always,  before  they  are  upraised  and  exposed  at 
the  surface,  be  of  considerable  antiquity,  relatively  to  a  large  portion 
of  the  fossiliferous  and  volcanic  rocks.  They  may  be  forming  at  all 
periods;  but  before  any  of  them  can  become  visible,  they  must  be 
raised  above  the  level  of  the  sea,  and  some  of  the  rocks  which  pre- 
viously concealed  them  must  have  been  removed  by  denudation. 

Order  of  succession  in  metamfjrphic  rocks, — There  is  no  universal  and 
invariable  order  of  superposition  in  metamorphic  rocks,  although  a  par- 
ticular arrangement  may  prevail  throughout  countries  of  great  extent, 
for  the  same  reason  that  it  is  traceable  in  those  sedimentary  formations 
from  which  crystalline  strata  are  derived.  Thus,  for  example,  we  have 
seen  that  in  the  Apennines,  near  Carrara,  the  descending  series,  where 
it  is  metamorphic,  consists  of,  1st,  saccharine  marble;  2dly,  talcose- 
schist;  and  3dly,  of  quartz-rock  and  gneiss;  where  unaltered,  of,  1st, 
fossiliferous  limestone ;  2dly,  shale ;  and  Sdly,  sandstone. 

But  if  we  investigate  different  mountain  chains,  we  find  gneiss,  mica- 
schist,  hornblende-schist,  chlorine-schist,  hypogene,  limestone,  and  other 
rocks,  succeeding  each  other,  and  alternating  with  each  other,  in  every 
possible  order.  It  is,  indeed,  more  common  to  meet  with  some  variety 
of  clay-slate  forming  the  uppermost  member  of  a  metamorphic  series 
than  any  other  rock ;  but  this  fact  by  no  means  implies,  as  some  have 
imagined,  that  all  clay-slates  were  formed  at  the  close  of  an  imaginary 
period,  when  the  deposition  of  the  crystalline  strata  gave  way  to  that 
of  ordinary  fledimentary  deposits.     Such  olay-slates,  in  hct,  are  variabld 
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in  compusition,  and  sometimes  alternate  with  fossiliferous  strata,  so  that 
they  may  be  said  to  belong  almost  equally  to  the  sedimentary  and  meta- 
morphic  order  of  rocks.  It  is  probable  that  had  they  been  snbjected  to 
more  intense  plutonic  action,  tbey  would  have  been  transformed  into 
hornblende- schist,  foliated  chlorite-schist,  scaly  talcose-schist,  mica-schist, 
or  other  more  perfectly  crystalline  rocks,  such  as  are  usually  associated 
with  gneiss. 

Uniformity  of  mineral  character  in  Hi/pogene  rocks.  —  Humboldt 
has  emphatically  remarked,  that  when  we  pass  to  another  hemisphere, 
we  see  new  forms  of  animals  and  plants,  and  even  new  constellations  in 
the  heavens ;  but  in  the  rocks  we  still  recognize  our  old  acquaintances, 
— the  same  granite,  the  same  gneiss,  the  same  micaceous  schist,  quarti- 
rock,  and  the  rest.  It  is  certainly  true  that  there  is  a  great  and  striking 
general  resemblance  in  the  principal  kinds  of  hypogene  rocks,  although 
of  very  different  ages  and  countries ;  but  it  has  been  shown  that  each 
of  these  are,  in  fact,  geological  families  of  rocks,  and  not  definite  mineral 
compounds.  Tbey  are  much  more  uniform  in  aspect  than  sedimentary 
strata,  because  these  last  are  often  composed  of  fragments  varying  greatly 
in  form,  size,  and  colour,  and  contain  fossils  of  different  shapes  and  min- 
eral composition,  and  acquire  a  variety  of  tints  from  the  mixture  of 
various  kinds  of  sediment.  The  materials  of  such  strata,  if  melted  and 
made  to  crystallize,  would  be  subject  to  chemical  laws,  simple  and  uni- 
form in  their  action,  the  same  in  every  climate,  and  wholly  undisturbed 
by  mechanical  and  organic  causes. 

Nevertheless,  it  would  be  a  great  error  to  assume  that  the  hypogene 
rocks,  considered  as  aggregates  of  simple  minerals,  are  really  more  homo- 
geneous in  their  composition  than  the  several  members  of  the  sediment- 
ary series.  In  the  first  place,  different  assemblages  of  hypogene  rocks 
occur  in  different  countries ;  and,  secondly,  in  any  one  district,  the  rocks 
which  pass  under  the  same  name  are  often  extremely  variable  in  their 
component  ingredients,  or  at  least  in  the  proportions  in  which  each  of 
these  are  present.  Thus,  for  example,  gneiss  and  mica-schist,  so  abun- 
dant in  the  Grampians,  are  wanting  in  Cumberland,  Wales,  and  Corn- 
wall ;  in  parts  of  the  Swiss  and  Italian  Alps,  the  gneiss  and  granite  are 
talcose,  and  not  micaceous,  as  in  Scotland ;  hombleude  prevails  in  the 
granite  of  Scotland — schorl  in  that  of  Cornwall — ^albite  in  the  plutonic 
rocks  of  the  Andes — common  felspar  in  those  of  Europe.  In  one  part 
of  Scotland,  the  mica-schist  is  full  of  garnets ;  in  another  it  is  wholly 
devoid  of  them  :  while  in  South  America,  according  to  Mr^  Darwin,  it 
is  the  gneiss,  and  not  the  mica-schist,  which  is  most  commonly  gametif- 
erous.  And  not  only  do  the  proportional  quantities  of  felspar,  quartz, 
mica,  hornblende,  and  other  minerals,  vary  in  hypogene  rocks  bearing 
the  same  name ;  but  what  is  still  more  important,  the  ingredients,  as 
we  have  seen,  of  the  same  simple  mineral  are  not  always  constant 
(p.  369,  and  table,  p.  377). 

The  metamorphic  strata,  wht/  less  calcareous  than  the  fossilifenms,-^ 
It  has  been  remarked,  that  the  quantity  of  calcareous  matter  in  meta^ 
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morphic  strata,  or,  indeed,  in  the  hypogcne  formations  generally,  is  far 
loss  than  in  fossiliferous  deposits.  Thus  the  crystalline  schists  of  the 
Grampians  in  Scotland,  consisting  of  gneiss,  mica-schist,  hornblende 
schist,  and  other  rocks,  many  thousands  of  yards  in  thickness,  contain 
an  exceedingly  small  proportion  of  intcrstratified  calcareous  beds,  al- 
though these  have  been  the  objects  of  careful  search  for  economical 
purposes.  Yet  limestone  is  not  wanting  in  the  Grampians,  and  it  is 
associated  sometimes  with  gneiss,  sometimes  with  mica-schist,  and  in 
other  places  with  other  members  of  the  mctamorphic  series.  But  where 
limestone  occurs  abundantly,  as  at  Carrara,  and  in  parts  of  the  Alps,  in 
connection  with  hypogene  rocks,  it  usually  forms  one  of  the  superior 
members  of  the  crystalline  group. 

The  scarcity,  then,  of  carbonate  of  lime  in  the  plutonic  and  meta^ 
morphic  rocks  generally,  seems  to  be  the  result  of  some  general  cause. 
So  long  as  the  hypogene  rocks  were  believed  to  have  originated  antece- 
dently to  the  creation  of  organic  beings,  it  was  easy  to  impute  the 
absence  of  lime  to  the  non-existence  of  those  mollusca  and  zoophytes  by 
which  shells  and  corals  are  secreted ;  but  when  we  ascribe  the  crystalline 
formations  to  plutonic  action,  it  is  natural  to  inquire  whether  this  action 
itself  may  not  tend  to  expel  carbonic  acid  and  lime  from  the  materials 
which  it  reduces  to  fusion  or  semi-fusion.  Although  we  cannot  descend 
into  the  subterranean  regions  where  volcanic  heat  is  developed,  we  can 
observe  in  regions  of  spent  volcanos,  such  as  Auvergne  and  Tuscany, 
hundreds  of  springs,  both  cold  and  thermal,  flowing  out  from  granite 
and  other  rocks,  and  having  their  waters  plentifully  charged  with  carbo- 
nate of  lime.  The  quantity  of  calcareous  matter  which  these  springs 
transfer,  in  the  course  of  ages,  from  Uie  lower  parts  of  the  earth's  crust 
to  the  superior  or  newly  formed  parts  of  the  same,  must  be  considerable.* 

If  the  quantity  of  siliceous  and  aluminous  ingredients  brought  up  by 
such  springs  were  great,  instead  of  being  utterly  insignificant,  it  might 
be  contended  that  the  mineral  matter  thus  expelled  implies  simply  the 
decomposition  of  ordinary  subterranean  rocks ;  but  the  prodigious  excess 
of  carbonate  of  lime  over  every  other  element  must,  in  the  course  of 
time,  cause  the  crust  of  the  earth  below  to  be  almost  entirely  deprived  of 
its  calcareous  constituents,  while  we  know  that  the  same  action  imparts 
to  newer  deposits,  ever  forming  in  seas  and  lakes,  an  excess  of  carbonate 
of  lime.  Calcareous  matter  is  poured  into  these  lakes,  and  the  ocean, 
by  a  thousand  springs  and  rivers ;  so  that  part  of  almost  every  new  cal- 
careous rock  chemically  precipitated,  and  of  many  reefs  of  shelly  and 
coralline  sto*he,  must  be  derived  from  mineral  matter  subtracted  by  plu- 
tonic agency,  and  driven  up  by  gas  and  steam  from  fused  and  heated 
rocks  in  the  bowels  of  the  earth. 

Not  only  carbonate  of  lime,  but  also  free  carbonic  acid  gas  is  given 
off  plentifully  from  the  soil  and  crevices  of  rocks  in  regions  of  active 
and  spent  volcanos,  as  near  Naples,  and  in  Auvergne.  By  this  process, 
fossil  shells  or  corals  may  often  lose  their  carbonic  acid,  and  the  resi« 
dual  lime  may  enter  into  the  composition  of  augite,  hornblende,  garnet, 

*  See  Principles,  Index,  "  Calcareous  Sprin«rn." 
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and  other  hypogene  minerals.  That  the  removal  of  the  caicareoua  mat- 
ter of  fossil  shells  is  of  frequent  ocoorrenoe,  is  preyed  by  the  &ct  of  snob 
organic  remains  being  often  replaced  by  silez  or  other  mineralsi  and 
sometimes  by  the  space  once  occupied  by  the  fossil  being  leflb  empty,  or 
only  marked  by  a  faint  impression.  We  ought  not  indeed  to  marvel  at 
the  general  absence  of  organic  remains  from  the  crystalline  strata,  when 
we  bear  in  mind  how  often  fossils  are  obliterated,  wholly  or  in  part,  even 
in  tertiary  formations  —  how  often  vast  masses  of  sandstone  and  shale, 
of  different  ages,  and  thousands  of  feet  thick,  are  devoid  of  fossils  — 
how  certain  strata  may  first  have  been  deprived  of  a  portion  of  their 
fossils  when  they  became  semi-crystalline,  or  assumed  the  transition  state 
of  Werner  —  and  how  the  remaining  organic  remains  have  been  eflBtced 
when  they  were  rendered  metamorphic.  Some  rocks  of  the  last-men- 
tioned class,  moreover,  must  have  been  exposed  again  and  again  to 
renewed  plutonic  action. 


CHAPTER  XXXVni. 

MINERAL  VEINS. 


Werner's  doctrine  that  mineral  Teins  were  fissures  filled  from  above — Veins  of 
segregation — OrdkM^  metalliferous  Teins  or  lodes — Their  frequent  coinci- 
dence with  faults — Proofs  that  they  originated  in  fissures  in  solid  rock  — 
Veins  shifting  other  veins  —  Polishing  of  their  walls — Shells  and  pebbles  in 
lodes  —  Evidence  of  the  successive  enlargement  and  re-opening  of  veins  — 
Fournet's  observations  in  Auvergne  —  Dimensions  of  veins — ^Why  some  alter- 
nately swell  out  and  contract  —  Filling  of  lodes  by  sublimation  from  below — 
Chemical  and  electrical  action — Relative  age  of  the  precious  metals — Copper 
and  lead  veins  in  Ireland  older  than  Cornish  tin  —  Lead  vein  in  lias,  Gla- 
morganshire —  Gold  in  Russia  —  Connection  of  hot  springs  and  mineral  veins 
—  Concluding  remarks. 

The  manner  in  which  metallic  substances  ar&  distributed  through  the 
earth's  crust,  and  more  especially  the  phenomena  of  those  nearly  verti- 
cal and  tabular  masses  of  ore  called  mineral  veins,  from  which  the  larger 
part  of  the  precious  metals  used  by  man  are  obtained,  —  these  are  sub- 
jects of  the  highest  practical  importance  to  the  miner,  and  of  no  less 
theoretical  interest  to  the  geologist. 

The  views  entertained  respecting  metalliferous  veins  have  been  modi- 
fied, or,  rather,  have  undergone  an  almost  complete  revolution,  since  the 
middle  of  the  last  century,  when  Werner,  as  director  of  the  School  of 
Mines,  at  Freiberg  in  Saxony,  first  attempted  to  generalize  the  facts 
then  known.  He  taught  that  mineral  veins  had  originally  been  opeu 
fissures  which  were  gradually  filled  up  with  crystalline  and  metallic  mat 
ter,  and  that  many  of  them,  after  being  once  filled,  had  been  again  en- 
larged or  reopened.  He  also  pointed  out  that  veins  thus  formed  are  not 
all  referable  to  one  era,  but  are  of  various  geological  dates. 
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Such  opinions,  although  slightly  hinted  at  by  earlier  writers,  had  never 
before  been  generally  received,  and  their  announcement  by  one  of  high 
authority  and  great  experience  constituted  an  era  in  the  science.  Never- 
theless, I  have  shown,  when  tracing,  in  another  work,  the  history  and 
progress  of  geology,  that  Werner  was  far  behind  some  of  his  predeces- 
sors in  his  theory  of  the  volcanic  rocks,  and  less  enlightened  than  his 
contemporary.  Dr.  Button,  in  his  speculations  as  to  the  origin  of  granite.* 
According  to  him,  the  plutonic  formations,  as  well  as  the  crystalline 
schists,  were  substances  precipitated  from  a  chaotic  fluid  in  some  prime- 
val or  nascent  condition  of  the  planet ;  and  the  metals,  therefore,  being 
closely  connected  with  them,  had  partaken,  according  to  him,  of  a  like 
mysterious  origin.  lie  also  held  that  the  trap  rocks  were  aqueous  de- 
posits, and  that  dikes  of  porphyry,  greenstone,  and  basalt,  were  fissures 
filled  with  their  several  contents  from  above.  Hence  he  naturally  infer- 
red that  mineral  veins  had  derived  their  component  materials  from  an 
incumbent  ocean,  rather  than  from  a  subterranean  source ;  that  these 
materials  had  been  first  dissolved  in  the  waters  above,  instead  of  having 
risen  up  by  sublimation  from  lakes  and  seas  of  igneous  matter  below. 

In  proportion  as  the  hypothesis  of  a  primeval  fluid,  or  "  chaotic  men- 
struum," was  abandoned,  in  reference  to  the  plutonic  formations,  and 
when  all  geologists  had  come  to  be  of  one  mind  as  to  the  true  relation 
of  the  volcanic  and  trappean  rocks,  reasonable  hopes  began  to  be  enter- 
tained that  the  phenomena  of  mineral  veins  might  be  explained  by  known 
causes,  or  by  chemical,  thermal,  and  electrical  agency  still  at  work  in 
the  interior  of  the  earth.  The  grounds  of  this  conclusion  will  be  better 
understood  when  the  geological  facts  brought  to  light  by  mining  opera- 
tions have  been  described  and  explained. 

On  different  kinds  of  mineral  veins.  —  Every  geologist  is  familiarly 
acquainted  with  those  veins  of  quartz  which  abound  in  hypogene  strata^ 
forming  lenticular  masses  of  limited  extent.  They  arc  sometimes  ob- 
served, also,  in  sandstones  and  shales.  Veins  of  carbonate  of  lime  are 
equally  common  in  fossiliferous  rocks,  especially  in  limestones.  Such 
veins  appear  to  have  once  been  chinks  or  small  cavities,  caused,  like 
cracks  in  clay,  by  the  shrinking  of  the  mass,  which  has  consolidated 
from  a  fluid  state,  or  has  simply  contracted  its  dimensions  in  passing 
from  a  higher  to  a  lower  temperature.  Siliceous,  calcareous,  and  occa- 
sionally metallic  matters,  have  sometimes  found  their  way  simultaneously 
into  such  empty  spaces,  by  infiltration  from  the  surrounding  rocks,  or 
by  segregation,  as  it  is  often  termed.  Mixed  with  hot  water  and  steam, 
metallic  ores  may  have  permeated  a  pasty  matrix  until  they  reached 
those  receptacles  formed  by  shrinkage,  and  thus  gave  rise  to  that  irregu- 
lar assemblage  of  veins,  called  by  the  Germans  a  "  stock wcrk,"  in  allu- 
sion to  the  different  floors  on  which  mining  operations  are  in  such  cases 
carried  on. 

The  more  ordinary  or  regular  veins  are  usually  worked  in  vertical 

*  Principles,  &c.,  chap,  iy.,  8th  ed.,  p.  49. 
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Bhafts,  and  haye  evidentlj  been  fissures  produced  by  mechanical  violence. 
They  traverse  all  kinds  of  rocks,  both  hypogene  and  fossiliferous,  and 
extend  downwards  to  indefinite  or  unknown  depths.  We  may  assume 
that  they  correspond  with  such  rents  as  we  see  caused  from  time  to  time 
by  the  shock  of  an  earthquake.  Metalliferous  veins,  referable  to  such 
agency,  are  occasionally  a  few  inches  wide,  but  more  commonly  3  or  4 
feet.  They  hold  their  course  continuously  in  a  certain  prevailing  direc- 
tion for  miles  or  leagues,  passing  through  rocks  varying  in  mineral  com- 
position. 

That  metaUi/erous  veint  were  Jtssures.  —  As  some  intelligent  miners, 
after  an  attentive  study  of  metalliferous  veins,  have  been  unable  to  re- 
concile many  of  their  characteristics  with  the  hypothesis  of  fissures,  I 

shall  begin  by  stating  the 
evidence  in  its  favour.  The 
most  striking  fact  perh^M 
which  can  be  adduced  in  its 
support  is,  the  coincidence 
of  a  considerable  proportion 
of  mineral  veins  mih/atUtBy 
or  those  dislocations  of  rocks 
which  are  indisputably  due 
to  mechanical  force,  as  above 
explained  (p.  62).  There 
are  even  proofs  in  almost 
every  mining  district  of  a 
succession  of  faults,  by 
which  the  opposite  walls  of 
rents,  now  the  receptacles 
of  metallic  substances,  have 
sufibred  displacement.  Thus, 
for  example,  suppose  aoy 
fig.  513,  to  be  a  tin  lode  in 
Cornwall,  the  term  lode  be- 
ing applied  to  veins  contain- 
ing metallic  ores.  This 
lode,  running  east  and  west, 
is  a  yard  wide,  and  is  shift- 
ed by  a  copper  lode  (b  b), 
of  similar  width. 

The  first  fissure  (a  a)  has 
been  filled  with  various  ma- 
terials, partly  of  chemical 
origin,  such  as  quartz,  fluor- 
spar, peroxide  of  tin,  sul- 
phurct  of  copper,  arsenical 
pyrites,  bismuth,   and  sul« 
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phuret  of  nickel,  and  partly  of  mechanical  origin,  comprising  claj  ana 
angular  fragments  or  detritus  of  the  intersected  rocks.  The  plates  of 
quartz  and  the  ores  are,  in  some  places,  parallel  to  the  vertical  sides  or 
walls  of  the  vein,  being  divided  from  each  other  by  alternating  layers 
of  clay,  or  other  earthy  matter.  Occasionally  the  metallic  ores  are  dis- 
seminated in  detached  masses  among  the  vein-stones. 

It  is  clear  that,  after  the  gradual  introduction  of  the  tin  and  other 
substances,  the  second  rent  (b  b)  was  produced  by  another  fracture  ao- 
companied  by  a  displacement  of  the  rocks  along  the  plane  of  b  b.  This 
new  opening  was  then  filled  with  minerals,  some  of  them  resembling 
those  in  a  a,  as  fluor-spar  (or  fluate  of  lime)  and  quartz ;  others  diffe- 
rent, the  copper  being  plentiful  and  the  tin  wanting  or  very  scarce. 

We  must  next  suppose  the  shock  of  a  third  earthquake  to  occur, 
breaking  asunder  all  the  rocks  along  the  line  c  c,  fig.  514 ;  the  fissure  in 
this  instance,  being  only  6  inches  wide,  and  simply  filled  with  clay,  de- 
rived, probably,  from  the  friction  of  the  walls  of  the  rent,  or  partly, 
perhaps,  washed  in  from  above.  This  new  movement  has  heaved  the 
rock  in  such  a  manner  as  to  interrupt  the  continuity  of  the  copper  vein 
(b  6),  and,  at  the  same  time,  to  shift  or  heave  laterally  in  the  same  di- 
rection a  portion  of  the  tin  vein  which  had  not  previously  been  broken. 

Again,  in  fig.  515  we  see  evidence  of  a  fourth  fissure  (d  d),  also  filled 
with  clay,  which  has  cut  through  the  tin  vein  (a  a),  and  has  lifted  it 
slightly  upwards  towards  the  south.  The  various  changes  here  repre- 
sented are  not  ideal,  but  are  exhibited  in  a  section  obtained  in  working 
an  old  Cornish  mine,  long  since  abandoned,  in  the  parish  of  Kedruth, 
called  Huel  Peever,  and  described  both  by  Mr.  Williams  and  Mr. 
Carne.*  The  principal  movement  here  referred  to,  or  that  of  c  c,  fig. 
515,  extends  through  a  space  of  no  less  than  84  feet ;  but  in  this,  as  in 
the  case  of  the  other  three,  it  will  be  seen  that  the  outline  of  the  coun- 
try above,  or  the  geographical  features  of  Cornwall,  are  not  affected  by 
any  of  the  dislocations,  a  powerful  denuding  force  having  clearly  been 
exerted  subsequently  to  all  the  faults.  (See  above,  p.  69.)  It  is  com- 
monly said  in  Cornwall,  that  there  are  eight  distinct  systems  of  veins 
which  can  in  like  manner  be  referred  to  as  many  successive  movements 
or  fractures;  and  the  German  miners  of  the  Hartz  Mountains  speak 
also  of  eight  systems  of  veins,  referable  to  as  many  periods. 

Besides  the  proofs  of  mechanical  action  already  explained,  the  oppo- 
site walls  of  veins  arc  frequently  polished  and  striated,  as  if  they  had 
undergone  great  friction,  and  this  even  in  cases  where  there  has  been  no 
shift.  We  may  attribute  such  rubbing  to  a  vibratory  motion  known  to 
accompany  earthquakes,  and  to  produce  trituration  on  the  opposite)  walb 
of  rents.  Similar  movements  have  sometimes  occurred  in  mineral  veins 
which  had  been  wholly  or  partially  filled  up;  for  included  pieces  of 
rock,  detached  from  the  sides,  are  found  to  be  rounded,  polished,  and 
striated. 

*  Geol.  Trans,  vol.  iv.  p.  189;  Trans.  Roy.  Geol.  Society  Cornwall,  vol.  ii.  p.  90. 
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That  a  great  many  Teins  communicated  originally  with  the  surface  of 
the  country  above,  or  with  the  bed  of  the  sea,  is  proved  by  the  occur* 
rence  in  them  of  well-rounded  pebbles,  agreeing  with  those  in  superficial 
alluviums,  as  in  Auvergne  and  Saxony.  In  Bohemia,  such  pebbles 
have  been  met  with  at  the  depth  of  180  fathoms.  In  Cornwall,  Mr. 
Came  mentions  true  pebbles  of  quartz  and  slate  in  a  tin  lode  of  the 
Relistran  Mine,  at  the  depth  of  600  feet  below  the  surfiuM.  They  were 
cemented  by  oxide  of  tin  and  bisulphuret  of  copper,  and  were  traced 
over  a  space  more  than  12  feet  long  and  as  many  wide.'*'  Marine  fossil 
shells,  also,  have  been  found  at  great  depths,  having  probably  been  en- 
gulphed  during  submarine  earthquakes.  Thus,  a  gryphaea  is  stated  by 
M.  Virlet  to  have  been  met  with  in  a  lead-mine  near  S^mur,  in  France, 
and  a  madrepore  in  a  compact  vein  of  cinnabar  in  Hungary  .f 

When  different  sets  or  systems  of  veins  occur  in  the  same  country, 
those  which  are  supposed  to  be  of  contemporaneous  origin,  and  which 
are  filled  with  the  same  kind  of  metals,  often  maintain  a  general  paral« 
lelism  of  direction.  Thus,  for  example,  both  the  tin  and  copper  veins 
in  Cornwall  run  nearly  east  and  west,  while  the  lead-veins  run  north 
and  south ;  but  there  is  no  general  law  of  direction  common  to  different 
mining  districts.  The  parallelism  of  the  veins  is  another  reason  for 
regarding  them  as  ordinary  fissures,  for  we  observe  that  contemporaneous 
trap  dikes,  admitted  by  all  to  be  masses  of  melted  matter  which  have 
filled  rents,  are  often  parallel.  Assuming  then,  that  veins  are  simply 
fissures  in  which  chemical  and  mechanical  deposits  have  accumulated, 
we  may  next  consider  the  proofs  of  their  having  been  filled  gradually 
and  often  during  successive  enlargements.  I  have  already  spoken  of 
parallel  layers  of  clay,  quartz,  and  ore.  Werner  himself  observed,  in  a 
vein  near  Gcrsdoff,  in  Saxony,  no  less  than  thirteen  beds  of  different 
minerals,  arranged  with  the  utmost  regularity  on  each  side  of  the  cen- 
tral layer.  This  layer  was  formed  of  two  beds  of  calcareous  spar,  which 
had  evidently  lined  the  opposite  walls  of  a  vertical  cavity.  The  thirteen 
beds  followed  each  other  in  corresponding  order,  consisting  of  fluor-spar, 
heavy  spar,  galena,  &c.  In  these  cases,  the  central  mass  has  been  last 
formed,  and  the  two  plates  which  coat  the  outer  walls  of  the  rent  on 
each  side  are  the  oldest  of  all.  If  they  consist  of  crystalline  precipi- 
tates, they  may  be  explained  by  supposing  the  fissure  to  have  remained 
unaltered  in  its  dimensions,  while  a  series  of  changes  occurred  in  the 
nature  of  the  solutions  which  rose  up  from  below ;  but  such  a  mode  of 
deposition,  in  the  case  of  many  successive  and  parallel  layers,  appears  to 
be  exceptional. 

If  a  veinstone  consist  of  crystalline  matter,  the  points  of  the  crystals 
are  always  turned  inwards,  or  towards  the  centre  of  the  vein  ;  in  other 
words,  they  point  in  that  direction  where  there  was  most  space  for  the 

*  Carne,  Trans,  of  Geol.  Soc.  Cornwall,  toL  iii.  p.  288. 
f  Fournet,  Etudes  sor  les  Depots  Metalliferes. 


O.  XXXTUL]  AND  FILLINO   DP  OF  VEINS.  498 

developmeat  of  the  crystals.  Thus  each  new  layer  receives  the  im- 
preasioa  of  the  crystals  of  the  preceding  layer,  and  imprints  its  crjatals 
on  the  one  which  follows,  until  at  length  the  whole  of  the  vein  is  filled : 
the  two  layers  which  meet  dovetail  the  points  of  their  crystals  the  one 
into  the  other  But  in  Cornwall,  some  lodes  occur  where  the  vertical 
plates,  or  combs,  as  they  are  there  called,  exhibit  crystals  so  dovetailed 
■s  to  prove  that  the  same  fissure  has  been  often  enlarged.  Sir  H.  De 
la  Becbe  gives  the  following  curious  and  instmctiTe  example  (fig.  516) 


from  a  coppcr-minc  in  granite,  near  Rodrutb.*  Each  of  the  plates  m 
oomhfl  (a,  b,  c,  d,  e,/)  are  double,  having  the  points  of  their  crystals 
turned  inwards  along  the  axis  of  the  comh.  The  udes  or  walls  (2,  8, 
4,  6,  and  6)  are  parted  by  a  thin  covering  of  ochreous  clay,  so  that  eaoh 
oomb  is  readily  separable  from  another  by  a  moderate  blow  of  the  ham- 
mer. The  breadth  of  each  represents  the  whole  width  of  the  fissure  at 
MX  successive  periods,  and  the  outer  walls  of  the  vein,  where  the  first 
narrow  rent  was  formed,  consisled  of  the  granitic  sorfaces  1  and  7- 

A  somewhat  analogous  interpretation  is  applicable  to  nnmbcrs  of  other 
cases,  where  clay,  sand,  or  angular  detritus,  alternate  with  ores  and 
veiastones.  Thus,  we  may  imagine  the  sides  of  a  fissure  to  he  CDcnistod 
with  siliceous  matter,  as  Von  Buch  observed,  in  Lancerote,  the  walls  of 
a  volcanic  crater  formed  in  1731  to  be  traversed  by  an  open  rent  in 
which  hot  vapours  had  deposited  hydrate  of  silica,  the  incrustation 
nearly  extending  to  the  middle. f  Suuh  a  vein  may  then  be  filled  with 
clay  or  sand,  and  afterwards  reopened,  the  new  rent  dividing  the  argil- 
laceous deposit,  and  allowing  a  quantity  of  rubbish  to  full  down.  Various 
metals  and  spars  may  then  be  precipitated  from  aqueous  solutions  among 
the  interstices  of  this  heterogeneous  mass. 

That  such  changes  have  repeatedly  occurred,  is  demonstrated  by  oc- 
casional cross-veins,  implying  the  oblique  fracture  of  previously  formed 
chemical  and  mechanical  deposits.  Thus,  for  example,  M.  Fonmet,  in 
fais  description  of  some  mines  in  Auvergne  worked  under  his  superin 
tendence,  observes,  that  the  granite  of  that  country  was  first  penetrated 
by  veins  of  granite,  and  then  dislocated,  so  that  open  rents  crossed  both 
the  granite  and  the  granitic  veins.     Into  such  openings,  quarts,  accom- 

•  OeoL  Bep.  on  ComwaU,  p.  S40.        f  PrinoiplM,  cb.  urii.  Sth  ed.  p.  422. 
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panied  by  sulphurets  of  iron  and  arsenical  pyrites,  was  introduced. 
Another  convulsion  then  burst  open  the  rocks  along  the  old  line  of  frao* 
ture,  and  the  first  set  of  deposits  were  cracked  and  often  shattered,  so 
that  the  new  rent  was  filled,  not  only  with  angular  fragments  of  the 
adjoining  rocks,  but  with  pieces  of  the  older  veinstones.  Polished  and 
striated  surfaces  on  the  sides  or  in  the  contents  of  the  vein,  also  attest 
the  reality  of  these  movements.  A  new  period  of  repose  then  ensued, 
during  which  various  sulphurets  were  introduced,  together  with  horn- 
stone  quartz,  by  which  angular  fragments  of  the  older  quartz  before 
mentioned  were  cemented  into  a  breccia.  This  period  was  followed  by 
other  dilatations  of  the  same  veins,  and  other  sets  of  mineral  deposits, 
until,  at  last,  pebbles  of  the  basaltic  lavas  of  Auvergne,  derived  from 
superficial  alluviums,  probably  of  Miocene  or  older  Pliocene  date,  were 
swept  into  the  veins.  I  have  not  space  to  enumerate  all  the  changes 
minutely  detailed  by  M.  Foumet,  but  they  are  valuable,  both  to  the 
miner  and  geologist,  as  showing  how  the  supposed  signs  of  violent  catas- 
trophes may  be  the  monuments,  not  of  one  paroxysmal  shock,  but  of 
reiterated  movements. 

Such  repeated  enlargement  and  reopening  of  veins  might  have  been 
anticipated,  if  we  adopt  the  theory  of  fissures,  and  reflect  how  few  of 
them  have  ever  been  sealed  up  entirely,  and  that  a  country  with  fissures 
only  partially  filled  must  naturally  offer  much  feebler  resistance  along 
the  old  linos  of  fracture  than  any  where  else.  It  is  quite  otherwise  in 
the  case  of  dikes,  where  each  opening  has  been  the  receptacle  of  one 
continuous  and  homogeneous  mass  of  melted  matter,  the  consolidation 
of  which  has  taken  place  under  considerable  pressure.  Trappoan  dikes 
can  rarely  fail  to  strengthen  the  rocks  at  the  points  where  before  they 
were  weakest ;  and  if  the  upheaving  force  is  again  exerted  in  the  same 
direction,  the  crust  of  the  earth  will  give  way  anywhere  rather  than  at 
the  precise  points  where  the  first  rents  were  produced. 

A  large  proportion  of  metalliferous  veins  have  their  opposite  walls 
nearly  parallel,  and  sometimes  over  a  wide  extent  of  country.  There 
is  a  fine  example  of  this  in  the  celebrated  vein  of  Andreasburg  in  the 
Hartz,  which  has  been  worked  for  a  depth  of  500  yards  perpendicularly, 
and  200  horizontally,  retaining  almost  every  where  a  width  of  3  feet 
But  many  lodes  in  Cornwall  and  elsewhere  are  extremely  variable  in 
size,  being  one  or  two  inches  in  one  part,  and  then  8  or  10  feet  in  an- 
other, at  the  distance  of  a  few  fathoms,  and  then  again  narrowing  as 
before.  Such  alternate  swelling  and  contraction  is  so  often  characteristic 
as  to  require  explanation.  The  walls  of  fissures  in  general,  observes  Sir 
H.  De  la  Beche,  are  rarely  perfect  planes  throughout  their  entire  course, 
nor  could  we  well  expect  them  to  be  so,  since  they  commonly  pass 
through  rocks  of  unequal  hardness  and  different  mineral  composition. 
If,  therefore,  the  opposite  sides  of  such  irregular  fissures  slide  upon  each 
other,  that  is  to  say,  if  there  be  a  fault,  as  in  the  case  of  so  many  mineral 
veins,  the  parallelism  of  the  opposite  walls  is  at  once  entirely  destroyed, 
as  will  be  readily  seen  by  studying  the  annexed  diagrams. 
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Fig.  617. 


Fig.  618. 


Let  a  5,  fig.  517,  be  a  line  of  fracture  traversing  a  rock,  and  let  ah, 
fig.  518,  represent  the  same  line.  Now,  if  we  cut  a  piece  of  paper  re- 
presenting this  line,  and  then  move  the  lower  portion  of  this  cut  paper 
sideways  from  a  to  a',  taking  care  that  the  two  pieces  of  paper  still  touch 
each  other  at  the  points  1,  2,  3,  4,  5,  we  obtain  an  irregular  aperture  at 
c,  and  the  isolated  cavities  &t  ddd,  and  when  we  compare  such  figures 
with  nature  we  find  that,  with  certain  modifications,  they  represent  the 
interior  of  faults  and  mineral  veins.  If,  instead  of  sliding  the  cut  paper 
to  the  right  hand,  we  move  the  lower  .part  towards  the  left,  about  the 
same  distance  that  it  was  previously  slid  to  the  right,  we  obtain  consid- 
erable variation  in  the  cavities  so  produced,  two  long  irregular  open  spa- 
ces,//, fig.  519,  being  then  formed.  This  will  serve  to  show  to  what  slight 
circumstances  considerable  variations  in  the  character  of  the  openings 
between  unevenly  fractured  surfaces  may  be  due,  such  surfaces  being 
moved  upon  each  other,  so  as  to  have  numerous  points  of  contact. 

Most  lodes  are  perpendicular  to  the  horizon,  or  nearly  so  j  but  some 
of  them  have  a  considerable  inclination  or  "  hade,"  as  it  ng.  6ao. 
is  termed,  the  angles  of  dip  varying  from  15°  to  45°.  The 
course  of  a  vein  is  frequently  very  straight ;  but  if  tor- 
tuous, it  is  found  to  be  choked  up  with  clay,  stones,  and 
pebbles,  at  points  where  it  departs  most  widely  from  ver- 
ticality.  Hence  at  places,  such  as  a,  fig.  520,  the  miner 
complains  that  the  ores  are  "  nipped,"  or  greatly  reduced 
in  quantity,  the  space  for  their  free  deposition  having  been 
interfered  with  in  consequence  of  the  pre-occupancy  of  the 
lode  by  earthy  materials.  When  lodes  are  many  fathoms 
wide,  they  are  usually  filled  for  the  most  part  with  earthy  matter,  and 
fragments  of  rock,  through  which  the  ores  are  much  disseminated.  The 
metallic  substances  frequently  coat  or  encircle  detached  pieces  of  rock, 
which  our  miners  call  "horses"  or  riders."  That  we  should  find  some 
mineral  veins  which  split  into  branches  is  also  natural,  for  we  observe 
the  same  in  regard  to  open  fissures. 

Chemical  deposits  in  veins. — If  we  now  turn  from  the  mechanical  to  the 
chemical  agencies  which  have  .been  instrumental  in  the  production  of 
mineral  veins,  it  may  be  remarked  that  those  parts  of  fissures  which  were 
not  choked  up  with  the  ruins  of  fractured  rocks  must  always  have  been 
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filled  with  water ;  and  almost  every  vein  has  probably  been  the  channel 
by  which  hot  springs,  so  conimon  in  countries  of  volcanoB  and  earth- 
quakes, have  made  their  way  to  the  sur&ce.  For  we  know  that  the 
rents  in  which  ores  abound  extend  downwards  to  vast  depths,  where  the 
temperature  of  the  interior  of  the  earth  is  more  elevated.  We  also 
know  that  animal  veins  are  most  metalliferous  near  the  contact  of  plu- 
tonic  and  stratified  formations,  especially  where  the  former  sends  veins 
into  the  latter,  a  circumstance  which  indicates  an  original  proximity  of 
veins  at  their  inferior  extremity  to  igneous  and  heated  rocks.  It  k  more- 
over acknowledged  that  even  those  mineral  and  thermal  springs,  which, 
in  the  present  state  of  the  globe,  are  far  from  volcanos,  are  nevertheless 
observed  to  burst  out  along  great  lines  of  upheaval  and  dislocatioii  of 
rocks.'*'  It  is  also  ascertained  that  all  the  substances  with  which  hot 
springs  are  impregnated  agree  with  those  discharged  in  a  gaseous  form 
from  volcanos.  Many  of  these  bodies  occur  as  veinstones;  such  as 
silex,  carbonate  of  lime,  sulphur,  fluor-spar,  sulphate  of  barytes,  magne- 
sia, oxide  of  iron,  and  others.  I  may  add  that,  if  veins  have  been  filled 
with  gaseous  emanations  from  masses  of  melted  matter,  slowly  cooling  in 
the  subterranean  regions,  the  contraction  of  such  masses  as  they  pass 
from  a  plastic  to  a  solid  state  would,  according  to  the  experiments  of 
Deville  on  granite  (a  rock  which  may  be  taken  as  a  standard),  produce 
a  reduction  in  volume  amounting  to  10  per  cent.  The  slow  crystalliia- 
tion,  therefore,  of  such  plutonio  rocks  supplies  us  with  a  force  not  only 
capable  of  rending  open  the  incumbent  rocks  by  causing  a  failure  of 
support,  but  also  of  giving  rise  to  faults  whenever  one  portion  of  the 
earth's  crust  subsides  slowly  while  another  contiguous  to  it  happens  to 
rest  on  a  different  foundation,  so  as  to  remain  unmoved. 

Although  we  are  led  to  infer,  from  the  foregoing  reasoning,  that  there 
has  often  been  an  intimate  connection  between  metalliferous  veins  and 
hot  springs  holding  mineral  matter  in  solution,  yet  we  must  not  on 
that  account  expect  that  the  contents  of  hot  springs  and  mineral  veins 
would  be  identical.  On  the  contrary,  M.  E.  de  Beaumont  has  judi- 
ciously observed  that  we  ought  to  find  in  veins  those  substances,  which, 
being  least  soluble,  are  not  discharged  by  hot  springs,— or  that  class  of 
simplq  and  compound  bodies  which  the  thermal  waters  ascending  from 
below,  would  first  precipitate  on  the  walls  of  a  fissure,  as  soon  as  their 
temperature  began  slightly  to  diminish.  The  higher  they  mount 
towards  the  surfiace,  the  more  will  they  cool,  till  they  acquire  the  ave- 
rage temperature  of  springs,  being  in  that  case  chiefly  charged  with  the 
most  soluble  substances,  such  as  the  alkalis,  soda,  and  potash.  These 
are  not  met  with  in  veins,  although  they  enter  into  the  composition  of 
granitic  rocks.'j' 

To  a  certain  extent,  therefore,  the  arrangement  and  distribution  of 
metallic  matter  in  veins  may  be  referred  to  ordinary  chemical  action, 

*  See  Dr.  Daubeny's  Volcanos.  f  Bulletio,  iv.,  p.  1278. 
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or  to  thoee  yariationB  in  (emporature,  which  waters  holding  the  ores  in 
solution  must  undergo,  as  thej  rise  upwards  from  great  depths  in  the 
earth.  But  there  are  other  phenomena  which  do  not  admit  of  the  same 
simple  explanation.  Thus,  for  example,  in  Derbyshire,  veins  containing 
GKB  of  lead,  nnc,  and  copper,  but  chiefly  lead,  traverse  alternate  beds 
of  limestone  and  greenstone.  The  ore  is  plentiful  where  the  walls  of 
the  rent  consist  of  limestone,  but  is  reduced  to  a  mere  string  when  they 
are  formed  of  greenstone,  or  ''  toad-stone,"  as  it  is  called  provincially. 
Not  that  the  original  fissure  is  narrower  where  the  greenstone  occurs, 
but  because  more  of  the  space  is  there  filled  with  veinstones,  and  the 
waters  at  such  points  have  not  parted  so  freely  with  their  metallie 
contents. 

"  Lodes  in  Cornwall,"  says  Mr.  Robert  W.  Fox,  "  are  very  much 
influenced  in  their  metallic  riches  by  the  nature  of  the  rock  which  they 
traverse,  and  they  often  change  in  this  respect  very  suddenly,  in  passing 
horn  one  rock  to  another.  Thus  many  lodes  which  yield  abundance 
of  ore  in  granite,  are  unproductive  in  clay-slate,  or  killas,  and  vice  venA. 
The  qame  observation  applies  to  killas  and  the  granitic  porphyry  called 
elvan.  Sometimes,  in  the  same  continuous  vein,  the  granite  will  contain 
copper,  and  the  killas  tin,  or  vice  versA."  *  Mr.  Fox,  after  ascertaining 
the  existence  at  present  of  electric  currents  in  some  of  the  metalliferous 
veins  in  Cornwall,  has  speculated  on  the  sulphurets  and  muriates  of 
copper,  tin,  iron,  and  zinc,  dissolved  in  the  hot  water  of  fissures,  so  as 
to  determine  the  peculiar  mode  of  their  distribution.  After  instituting 
experiments  on  this  subject,  he  even  endeavoured  to  account  for  the 
prevalence  of  an  east  and  west  direction  in  the  principal  Cornish  lodes 
by  their  position  at  right  angles  to  the  earth's  magnetism;  but  Mr. 
Henwood  and  other  experienced  miners  have  pointed  out  objections  to 
the  theory;  and  it  must  be  owned  that  the  direction  of  veins  in  different 
mining  districts  varies  so  entirely  that  it  seems  to  depend  on  lines  of 
fracture,  rather  than  on  the  laws  of  voltaic  electricity.  Nevertheless,  as 
different  kinds  of  rock  would  be  often  in  different  electrical  conditions, 
we  may  readily  believe  that  electricity  must  often  govern  the  arrange- 
ment of  metallic  precipitates  in  a  rent. 

*'  I  have  observed,"  says  Mr.  B.  Fox,  '^  that  when  chloride  of  tin  in 
solution  is  placed  in  the  voltaic  circuit,  part  of  the  tin  is  deposited  in  a 
metallic  state  at  the  negative  pole,  and  part  at  the  positive  one,  in  the 
state  of  a  peroxide,  such  as  it  occurs  in  our  Cornish  mines.  This  experi- 
ment may  serve  to  explain  why  tin  is  found  contiguous  to,  and  inter- 
mixed with,  copper  ore,  and  likewise  separated  from  it,  in  other  parts 
of  the  same  lode."  f 

Relative  age  of  the  different  metals,  — After  duly  reflecting  on  the 
facts  above  described,  we  cannot  doubt  that  mineral  veins,  like  eruptions- 
Df  granite  or  trap,  are  referable  to  many  distinct  periods  of  the  earth's* 

*  R.  W.  Fox  on  Mineral  VelDS,  p.  10.  f  Ibid.  p.  88 

82 


498  RELATiyB  AGE  OF  METALS.  [0&  XXXYUL 

history,  although  it  may  he  more  difl^ult  to  determine  the  precise  age 
of  veios ;  hecause  they  have  often  remained  open  for  ages,  and  hecause, 
as  we  have  seen,  the  same  fissnre,  after  having  heen  once  filled,  has 
frequently  heen  re-opened  or  enlarged.  Bat  besides  this  diversity  of 
age,  it  has  been  supposed  by  some  geologists  that  certain  metals  have 
been  produced  exclusively  in  earlier,  others  in  more  modem  times,  — 
that  tin,  for  example,  is  of  higher  antiquity  than  copper,  copper  than 
lead  or  silver,  and  all  of  them  more  ancient  than  gold.  I  shall  first 
point  out  that  the  facts  once  relied  upon  in  support  of  some  of  these 
views  are  contradicted  by  later  experience,  and  then  consider  how  far 
any  chronological  order  of  arrangement  can  be  recognised  in  the  position 
of  the  precious  and  other  metals  in  the  earth's  crust.  In  the  first  place, 
it  is  not  true  that  veins  in  which  tin  abounds  are  the  oldest  lodes  worked 
in  (jrrent  Britain.  The  government  survey  of  Ireland  has  demonstrated; 
that  in  Wexford  veins  of  copper  and  lead  (the  latter  as  usual  being 
argentiferous)  are  much  older  than  the  tin  of  Cornwall.  In  each  of  the 
two  countries  a  very  similar  series  of  geological  changes  has  occurred  at 
two  distinct  epochs,  —  in  Wexford,  before  the  Devonshire  strata  were 
deposited;  in  Cornwall,  after  the  carboniferous  epoch.  To  begin  with 
the  Irish  mining  district :  We  have  granite  in  Wexford,  traversed  by 
granite  veins,  which  veins  also  intrude  themselves  into  the  Silurian 
strata,  the  same  Silurian  rocks  as  well  as  the  veins  having  been  denuded 
before  the  Devonshire  beds  were  superimposed.  Next  we  find,  in  the 
same  county,  that  elvans,  or  straight  dikes  of  porphyritic  granite,  have 
cut  through  the  granite  and  the  veins  before  mentioned,  but  have  not 
penetrated  the  Devonian  rocks.  Subsequently  to  these  elvans,  veins 
^f  copper  and  lead  wore  produced,  being  of  a  date  certainly  posterior 
2to  fhe  Silurian,  and  anterior  to  the  Devonian ;  for  they  do  not  enter 
ttbe  latter,  and,  what  is  still  more  decisive,  streaks  or  layers  of 
fderkvaitive  copper  have  been  found  near  Wexford  in  the  Devonian, 
}not  far  from  points  where  mines  of  copper  are  worked  in  the  Silurian 
>  strata.'*' 

Although  the  precise  age  of  such  copper  lodes  cannot  be  defined,  we 
may  safely  affirm  that  they  were  either  filled  at  the  close  of  the  Silurian 
or  commencement  of  the  Devonian  period.  Besides  copper,  lead,  and 
silver,  there  is  some  gold  in  these  ancient  or  primary  metalliferous  veins. 
A  few  fragments  also  of  tin  found  in  Wicklow  in  the  drift  are  supposed 
to  have  been  derived  from  veins  of  the  same  age.f  , 

Next,  if  we  turn  to  Cornwall,  we  find  there  also  the  monuments  of  a 
very  analogous  sequence  of  events.  First  the  granite  was  form^ ;  then, 
about  the  same  period,  veins  of  fine-grained  granite,  often  tortuous  (see 
fig.  496.,  p.  445.),  penetrating  both  the  outer  crust  of  granite  and  the 
adjoining  fossiliferous  or  primary  rocks,  including  the  coal-measures; 

*  I  am  indebted  to  Sir  H.  De  la  Beche  for  this  information.     See  also  maps 
.  and  sections  of  Irish  Survey. 

t  Sir  H.  De  la  Beche,  MS.  notes  ea  Irish  Survey. 
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(hirdlj,  elvans,  holdiog  their  course  straight  through  granite,  gmnitio 
veios,  and  fossilifcrous  slates;  fourthly,  veins  of  tin  also  containing 
copper,  the  first  of  those  eight  systems  of  fissures  of  different  ages  already 
alluded  to,  p.  491.  Here,  then,  the  tin  lodes  are  newer  than  the  elvans. 
It  has  indeed  been  stated  by  some  Cornish  miners  that  the  elvans  are 
in  some  few  instances  posterior  to  the  oldest  tin-bearing  lodes,  but  the 
observations  of  Sir  H.  de  la  Beche  during  the  survey  led  him  to  an 
opposite  conclusion,  and  he  has  shown  how  the  cases  referred  to  in 
corroboration  can  be  otherwise  interpreted.'*'  We  may,  therefore,  assert 
that  the  most  ancient  Cornish  lodes  are  younger  than  the  coal-measur^ 
of  that  part  of  England,  and  it  follows  that  they  are  of  a  much  later 
date  than  the  Irish  copper  and  lead  of  Wexford  and  some  adjoining 
counties.  How  much  later  it  is  not  so  easy  to  declare,  although  pro- 
bably they  are  not  newer  than  the  beginning  of  the  Permian  period,  as 
no  tin  lodes  have  been  discovered  in  any  red  sandstone  of  the  Poikilitio 
group,  which  overlies  the  coal  in  the  south-west  of  England. 

There  are  lead  veins  in  the  Mendip  hills  which  extend 'through  the 
mountain  limestone  into  the  Permian  or  Dolomitic  conglomerate,  and 
others  in  Glamorganshire  which  enter  the  lias.  Those  worked  near 
Frome,  in  Somersetshire,  have  been  traced  into  the  Inferior  Oolite.  In 
Bohemia,  the  rich  veins  of  silver  of  Joachimsthal  cut  through  basalt  con- 
taining olivine,  which  overlies  tertiary  lignite,  in  which  are  leaves  of 
dicotyledonous  trees.  This  silver,  therefore,  is  decidedly  a  tertiary  for- 
mation. In  regard  to  the  age  of  the  gold  of  the  Ural  Mountains,  in 
Russia,  which,  like  that  of  California,  is  obtained  chiefly  from  auriferous 
alluvium,  we  can  merely  affirm  that  it  occurs  in  veins  of  quarts  in  the 
schistose  and  granitic  rocks  of  that  chain.  Sir  R.  Murchison  observes, 
that  no  gold  has  yet  been  found  in  the  Permian  conglomerates  whiob 
lie  at  the  base  of  the  Ural  Mountains,  although  large  quantities  of  iron 
and  copper  detritus  are  mixed  with  the  rolled  pebbles  of  these  same 
Permian  strata.  Hence  it  seems  that  the  Uralian  quartz  veins,  con- 
taining gold  and  platinum,  were  not  exposed  to  aqueous  denudation 
during  the  Permian  era.  But  we  cannot  feel  sure,  from  any  data  yet 
before  us,  that  such  auriferous  veins  of  quartz  may  not  be  as  old  as  the 
tin  lodes  of  Cornwall,  in  which,  as  well  as  the  more  ancient  copper  lodes 
of  Ireland,  some  gold  has  been  detected.  We  are  also  unable  at  present 
to  assign  to  the  gold  veins  of  Brazil,  Peru,  or  California,  their  respective 
geological  dates.  But,  although  enough  is  known  to  show  that  Ovid's 
line  about  the  *^  Age  of  Gold,"  '^  Aurea  prima  sata  est  aetas,"  would,  by 
no  means,  be  an  apt  motto  for  a  treatise  on  mining,  it  would  be  equally 
rash  in  the  present  state  of  our  inquiries  to  affirm,  as  some  have  done, 
that  gold  was  the  last-formed  of  metals. 

It  has  been  remarked  by  M.  de  Beaumont,  that  lead  and  some  other 
metals  are  found  in  dikes  of  basalt  and  greenstone,  as  well  as  in  mineral 

•  Report  on  Geology  of  Cornwall,  p.  810. 
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Teins  connected  with  trap  rocks,  whereas  tin  is  met  with  in  granite  and 
in  yeins  associated  with  the  granitic  series.  If  this  role  hold  tme 
generally,  the  geological  position  of  tin  in  localities  accessible  io  the 
miners,  will  belong,  for  the  most  part,  to  rocks  older  than  those  bearing 
lead.  The  tin  veins  will  be  of  higher  relative  antiquity  for  the  same 
reason  that  the  ''underlying"  igneous  formations  or  granites  which 
are  visible  to  man  are  older,  on  the  whole,  than  the  overlying  or  trap- 
pean  formations. 

If  different  sets  of  fissures,  originating  simultaneously  at  different 
levels  in  the  earth's  crust,  and  communicating,  some  of  them,  with 
:fblcanic,  others  with  heated  plutonic  masses,  be  filled  with  difierent 
metals,  it  will  follow  that  those  formed  &rthest  from  the  surface  will 
usually  require  the  longest  time  before  they  can  be  exposed  superficially. 
In  order  to  bring  them  into  view,  or  within  reach  of  the  miner,  a  greater 
amount  of  upheaval  and  denudation  must  take  place  in  proportion  as 
they  have  lain  deeper  when  first  formed.  A  considerable  series  of  geo- 
lo^cal  revolutions  must  intervene  before  any  part  of  the  fissure,  which 
has  been  for  ages  in  the  proximity  of  the  plutonic  rocks,  so  as  to  receive 
the  gases  discharged  from  it  when  it  was  cooling,  can  emerge  into  the 
atmosphere.  But  I  need  not  enlarge  on  this  subject,  as  the  reader  will 
remember  what  was  said  in  the  80th,  84th,  and  37th  chapterS|  on  the 
chronology  of  the  volcanic  and  hypogene  formations. 


Concluding  Remarks.  —  The  theory  of  the  origin  of  the  hypogene 
rooks,  at  a  variety  of  successive  periods,  as  expounded  in  two  of  the 
chapters  just  cited,  and  still  more  the  doctrine  that  such  rocks  may  be 
now  in  the  daily  course  of  formation,  has  made  and  still  makes  its  way, 
but  slowly,  into  favour.  The  disinclination  to  embrace  it  has  arisen 
partly  from  an  inherent  obscurity  in  the  very  nature  of  the  evidence  of 
plutonic  action  when  developed  on  a  great  scale,  at  particular  periods. 
It  has  also  sprung,  in  some  degree,  from  extrinsic  considerations;  many 
geologists  having  been  unwilling  to  believe  the  doctrine  of  the  transmu- 
tation of  foBsiliferous  into  crystalline  rocks,  because  they  were  desirous 
of  finding  proofs  of  a  beginning,  and  of  tracing  back  the  history  of  our 
terraqueous  system  to  times  anterior  to  the  creation  of  organic  beings. 
But  if  these  expectations  have  been  disappointed,  if  we  have  found  it 
impossible  to  assign  a  limit  to  that  time  throughout  which  it  has  pleased 
an  Omnipotent  and  Eternal  Being  to  manifest  his  creative  power,  we 
have  at  least  succeeded  beyond  all  hope  in  carrying  back  our  researches 
to  times  antecedent  to  the  existence  of  man.  We  can  prove  that  man 
had  a  beginning,  and  that,  all  the  species  now  contemporary  with  man, 
and  many  others  which  preceded,  had  also  a  beginning,  and  that,  conse- 
quently, the  present  state  of  the  organic  world  has  not  gone  on  from  all 
eternity,  as  some  philosophers  have  maintained. 

It  can  be  shown  that  the  earth's  surface  has  been  remodelled  again 
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^Dd  again ;  monntain  bhains  have  been  raised  or  sunk ;  valleys  formedi 
filled  up,  and  then  re-excavated ;  sea  and  land  have  changed  places ; 
yet  thronghont  all  these  revolutions,  and  the  consequent  alterations  of 
local  and  general  climatei  animal  and  vegetable  life  has  been  sustained. 
This  has  been  accomplished  without  violation  of  the  laws  now  governing 
the  organic  creation,  by  which  limits  are  assigned  to  the  variability  of 
species.  The  succession  of  living  beings  appears  to  have  been  continued 
not  by  the  transmutation  of  species,  but  by  the  introduction  into  the 
earth  from  time  to  time  of  new  plants  and  animals,  and  each  assemblage 
of  new  species  must  have  been  admirably  fitted  for  the  new  states  of 
the  globe  as  they  arose,  or  they  would  not  have  increased  and  multiplied 
add  endured  for  indefinite  periods.'*' 

Astronomy  had  been  unable  to  establish  the  plurality  of  habitable 
worlds  throughout  space,  however  favourite  a  subject  of  conjecture  and 
speculation ;  but  geology,  although  it  cannot  prove  that  other  planets 
are  peopled  with  appropriate  races  of  living  beings,  has  demonstrated 
the  truth  of  conclusions  scarcely  less  wonderful,  —  the  existence  on  our 
own  planet  of  so  many  habitable  surfiu^es,  or  worlds  as  they  have  been 
called,  each  distinct  in  time,  and  peopled  with  its  peculiar  race^  of 
aquatic  and  terrestrial  beings. 

The  proofs  now  accumulated  of  the  close  analogy  between  extinet 
and  recent  species  are  such  as  to  leave  no  doubt  on  the  mind  that  the 
same  harmony  of  parts  and  beauty  of  contrivance  which  we  admire  in 
the  living  creation,  has  equally  characterized  the  organic  world  at  remote 
periods.  Thus  as  we  increase  our  knowledge  of  the  inexhaustible  variety 
displayed  in  living  nature,  and  admire  the  infinite  wisdom  and  power 
which  it  displays,  our  admiration  is  multiplied  by  the  reflection,  that  it 
is  only  the  last  of  a  great  series  of  pre-existing  creations,  of  which  we 
cannot  estimate  the  number  or  limit  in  times  past.f 

•  See  Principles  of  Geol.,  Book  8. 

f  See  the  author's  Anniv.  Address  to  the  Geol.  Soc.  1887.  Proceedingt  G.  S. 
No.  49.  p.  620. 
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Creeps  in  ooal-minea  deaerlbed,  02. 
Credneria  in  Qnadersandstein,  Poataeript,  zvL 
Cretaceous  rocks  of  Pyrenees,  480. 
. .  group,  209,  919,  and  Postscript,  xvL 

. . .  strata  in  Soath  America  and  India,  9Mu 

. . .  period,  platonie  rocks  of;  405. 

. . .  volcanio  rodu,  4SL 

. . .  rocks  in  United  SUtea,  991 
Crocodiles  near  Caba.  979. 
Croizet  M..  on  Anvergne  fbaail  mammalia,  188L 
Cromer,  contorted  drift  near,  199. 
**Crop  out**  torm  explained,  60. 
Crust  of  Earth  defined,  9. 
Crystalline  limestone,  802. 
....  roclu,  erroneonidy  termed  primltiTe,  9. 

. . .  schists  defined,  7. 
Curved  Btnta,  47. 

....  strata,  experiments  to  illustrate,  49. 
Cutch,  Kunn  of,  295. 
Cnvier,  M.,  on  Eocene  formation,  170. 

,  on  Amphitherium,  268. 

,  cited,  192. 

,  on  tertiary  strata  near  Paris,  104. 

. . . .,  on  fbMils  of  Montmartre,  191. 

Cyclopian  Islands,  401. 

Cypris  in  Lias,  281. 

....  in  Wealden,  228. 

....  in  marl  of  Anvergne,  188. 

Cyatidi»  in  Silurian  rocka,  858.     , 
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Dana,  Mr^  on  coprolites  of  bird^  299. 

— ,  on  coral  reef  in  Sandwich  lalanda,  916. 

,  on  volcanoes  of  Sandwich  Islands,  99i,  40& 

42a 
Dartmoor,  granite  ot  456. 
Darwin,  Mr.,  cited.  217. 
. . . . ,  on  boulders  and  glaciers  in  South  Amoriea, 

144 

. .,  on  cleavage  in  South  America,  471. 

. .,  on  coral  islands  of  Pacific  216. 

..,  on  dike  in  St  Helena,  406. 

.  ■ ,  on  habits  of  ostrich,  299,  and  Postscript, 

XX. 

. .,  on  fossils  in  South  America.  148. 

.  ,  on  Fuous  giganteuA^  217. 

. . ,  on  eradual  rise  of  put  of  S.  America,  46. 

. .,  on  lamination  of  volcanic  rocks,  480. 

. .,  on  parallel  roads,  87. 

. . ,  on  plutonic  rocks  of  Andes,  45a 

. .,  on  recent  strata  near  Lima,  115. 

. .,  on  saurlans  in  Galapagos  Islands,  979. 

. .,  on  sinking  of  coral  reef^  46. 

. .,  on  Welsh  glaciers,  181. 
Danbeny,  Dr.,  on  the  Solfktara,  477. 
. . . .,  on  volcanoes  in  Anvergne,  42a 
Dax,  inland  cliff  at  72. 
Doane,  Dr.,  on  footprints,  29a 
Dean,  forest  of,  coal  in,  884. 
Decken.  Prof  von,  on  reptilea  in  SaarbriidE  ooal- 

field,  836. 
De  Koninck,  cited,  176. 17a 
De  la  Beohe,  Sir  U..  cited,  981,  288,  9S1. 

. .,  on  Carrara  marble,  482. 

. .,  on  clay  beds,  2Sa 

. .,  on  clay-ironstone,  826. 

. .,  on  coal-measures  near  Swansea,  809. 

. .,  on  fossil  trees,  S.  Wales,  8ia 

. .,  on  granite  of  Dartmoor,  474. 

. .,  on  mineral  veins,  498,  495,  498. 

. . ,  on  term  snpracretaceous,  loa 

. .,  on  ti^  of  New  Bed  Sandstone  period,  489. 
Deluge.,  4. 

Denudation  explained,  66. 
. ...  of  the  Weald  Valley,  941 
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DtrbyBhlre,  lead  reins  ot,  497. 
Dcshayea,  M.,  identification  of  shells,  176i 

,  on  fossil  sliells  in  Hunnrr^  491. 

,  on  Lower  Eocene  shelw,  1 9d. 

,  on  tertimry  clssslficstlon,  110. 

Desmsrest,  cited,  188. 

on  trappean  roclUi  91. 

Desroyen,  jSL,  on  Faluns  of  Tonralne,  106. 
Desor,  M.,  on  glacial  fliuna  in  N.  America,  188. 
Devonian  flora.  819. 
....  strata  in  United  States.  849. 

—  syfttein,  term  explained,  814. 
Diagonal,  or  cross  stratification,  16. 
Dicotyledonous  loavctt  in  challE,  Postscript,  xtL 
Dilce  in  6t  Helena,  406. 

Dikes  at  Falagonia  in  Sicilr,  407. 

,  trappean,  crystalline  in  centre,  880. 

....  define*!.  & 

in  Bcotiand,  87S. 

....  of  Somma,  404. 

Dilayium,  popalar  en)Ianation  of  term,  182. 

Dip,  term  explained,  08. 

Dolerite,  or  greenstone,  878. 

Dolomite  defined,  la 

Dolomitic  conglomerate,  805. 

Don6,  M.  B.  de,  on  volcanoes  of  Yelay,  428. 

Drifi;  contorte<l,  near  Cromer,  129. 

....  in  Ireland,  l^tl. 

....  in  Norfolk,  126. 

,  meteorites  in,  145. 

,  northern,  in  Scotland,  Imt 

,  northern,  in  North  Wales,  180. 

of  Scandinavia,  North  Germany,  and  Bns- 

sia,  121. 
....  period,  climate  of^  189. 

—  period,  robsidence  in,  186. 

shells  in  Canada,  184. 

Dudley  limestone,  854. 

,  shales  of  coal  near,  474. 

Duflrenoy,  M^  on  granite  of  Pyrenees,  476. 
Dair,  Mr.  P.,  on  reptile  of  Old  Bed,  Postscript, 
ix. 

.on  hill  of  Qergovia,  480. 

Danker,  Dr.,  on  A¥ealden  of  Hanover,  287. 


E. 

Eohinoderms  of  coralline  crag,  166. 
Kchlnos,  figure  of.  28. 

Egerton,  Mr.,  on  fossils  of  Southern  India,  225. 
Egerton,  Sir  P..  on  fish  of  marl  slate,  804. 

,  on  fossil  fish  of  Connecticut  beds,  800. 

. . . .,  on  foa!»il»  of  Isle  of  Wight,  198. 
. . . .,  on  saurians  and  fi^h  in  New  Bed  Sandstone, 
289. 

,  on  IchthyosanrDS,  276. 

Eggs,  fossil,  of  snake.  120. 
Ehrenberg.  ProL,  on  bog  iron  ore,  86. 

,  on  infiisoria,  24. 

Elephant  bed,  Urighton,  256. 
Elepha*  primiff^nius^  \a,w  flgnred,  169. 
Elvans  of  Ireland  and  Cornwall,  49B. 

,  term  explained,  457. 

Encrinites,  figure  of^  264. 

Endogens  316. 

Eocene,  foraminifera,  194. 

....  formations,  174. 

—  formations  in  England,  197. 

....  granite,  451. 

— ,  lower,  in  France,  176-196. 

. . . .,  middle,  in  France,  191. 

strata,  in  United  States,  206. 

— ,  upper,  near  Loavain,  177. 

— ,  term  defined.  111. 

— ,  upper,  of  Central  France,  178L 

volcanic  rocks,  429. 

EquisetaceiB,  8ia 

FlquiscUim  of  Virginian  oolite,  881 

Equi*etum  giganteum,  814. 

Erman  on  meteoric  iron  in  Bossia,  146. 

Erratics.  Alpine,  140. 

. . . .,  northern  origin  o^  188. 

Escher,  11,  on  boolden  of  Jll^^  14flL 


Etna,  deposits  ot,  401. 
Earite,  440. 

Euritio  porphyry  dMcribed,  447. 
Exogena,  816. 


F. 

Faluns  of  Tonraine,  106, 168. 

Faluns,  comparison  oi^  and  crag,  170. 

Falconer,  Dr.,  on  Sew&lik  Hills,  178. 

Falkland  Islands.  88. 

Famham,  phosphate  of  lime  near,  819. 

Fault,  term  explained,  6!2. 

Faults,  origin  oi;  64. 

Faxoe,  chalk  ot  810,  and  Postscript,  xr. 

Felixstow,  remains  of  cetacea  Ibund  near,  166t. 

Felspar,  869. 

Ferns  in  ooal-measurea,  810. 

Fife,  altered  rock  in,  88a 

Fifeshire,  trap  dike  in,  484. 

— ,  Megalycthys  found  in  Cannel  c<ml  in,  88& 

Fishe^  fossil,  of  Upper  Cretaceous,  814 

....  of  Old  Bed  Sandstone,  848. 

....  of  Wealden,  229. 

,  fossil,  of  brown  coal,  416. 

Fissures  filled  with  metallic  matter,  400.    Sh 

mineral  veins. 
Fitton,  Dr.,  on   division  of  lower  crataoeona 

formation,  219. 
. . . . ,  cited,  22T,  281,  288,  287,  244.  847. 
Fleming.  Dr.,  on  scales  offish  in  Old  Bed,  34S 
— ,  on  trap-rocks  in  coal-field  of  Forth,  488. 
....  on  trap  dike  in  Fifeshire,  484. 
Flora,  carboniferoiu,  810. 
....  cretaceous,  228. 
....  Devonian,  849. 
....  of  London  clay,  800. 

,  permian,  806,  307. 

FlOtz,  term  explained,  91. 
Flysch,  explanation  of  term,  806k 
Footprints  of  birds,  297,  and  Postscript,  xx. 
—  of  reptilians,  887. 

fi>S8il,  289.  890.  291,  297. 

Foraminifera  in  chalk,  26. 

,  Eocene,  194. 

Forbes,  Prof  £.,  on  Caradoc  sandstone,  869. 

on  Cjrstidiv,  858. 

,  on  shells  in  crag  deposit%  162. 

. . . .,  on  cretaceous  fussil  shells,  224. 

,  on  fossils  of  the  lUuns,  109. 

,  on  fiissils  in  drift  in  South  Ireland,  181. 

. . . .,  on  deep-sea  origin  of  Silurian  strata,  860. 
. . . .,  on  echlnotierms  of  coralline  crag,  166. 
. . . . ,  on  fiiima  of  bouldt-r  period,  125. 
. . . . ,  on  migrations  of  mollusca  in  glacial  period, 

166. 
. . . .,  on  fossils  of  Purbeck  group,  281,  288. 
. . . .,  on  strata  at  Atherfleld,  219. 
. . . .,  on  dianges  of  Wealden  testacea,  886. 
. . . . ,  on  volcanic  rocks  of  Oolite  period,  488, 
. . . .,  on  depth  of  animal  life  In  ^figean,  86, 187. 
....,  cited,  88& 
Forbes,  Prof  James,  on  tones  In  toIcadIo  roekSi 

480. 
....,  on  the  Alps,  148. 
Forchhammer,  on  scratched  limestone,  188. 
Forest,  fossil,  in  Norfolk,  187, 180. 
For&rehire,  Old  Bed  Sandstone  In,  479. 
Formation,  term  defined,  8. 
Fossil,  term  defined,  4 

Fossils  of  chalk  and  greensand,  flgaret  ol^  81S. 
....  in  chalk  at  Faxo^  810. 
. . . .  of  coralline  crag,  164. 
....  of  Devonian  system,  846,  and  PostMrip^ 

x.,  xL 
....  of  Eocene  strata  la  United  8UtM|  9QT. 
....  in  faluns  of  Tooraine,  169. 
. . . .,  fk«sh water  and  marine,  87. 
....  of  Isle  of  Wight,  19& 
....  of  Lias.  874 
....  of  Ludlow  formation,  858. 
....  of  mountain  linMet<MMh  840. 
....  of  London  day,  800. 
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roMlls  of  Maertrlcht  beds,  M9. 

....  of  Lower  Greensand«  220. 

....  of  New  Bed  Sandstone,  387,  and  Pofttioript, 

xiiL 
....  ofOolite,  259,  26& 

of  Red  Crag,  164. 

of  Bllarian  rocks,  858,  and  Postscript,  rlL 

....  of  Solenhofen,  260. 

....  of  Upper  Oreensand,  21d. 

....  of  Wealden,  286. 

. . . .,  test  of  the  age  of  formations,  98. 

Fossil  Ash  of  Permian  limestone,  80& 

of  Connecticut  beds,  800. 

....  of  Richmond,  U.  &.  strata,  285. 

of  Old  Red  Sandstone,  848. 

— ,  scales  of  Permian,  figured,  806. 

....  footsteps,  289,  290,  291. 

....  ferns  in  carbonaceous  shale,  271. 

forest  in  Nova  Scotia,  821. 

—  forest  near  Wolverhampton,  819. 

forest  in  Isle  of  Portland,  288. 

....  plants  in  Wealden,  280. 

....  plants  of  Lias,  282. 

....  plants  of  Bnnter  Sandsteln,  288. 

....  trees  erect,  817. 

....  woofi,  petrifaction  ot  89. 

....  wood  perforated  bv  Teredina,  24 

....  remains  in  cave<s  iM. 

....  shells  from  Etna,  401. 

shells  near  Grignun,  198. 

....  shells  of  Msycnce  »>trata,  178. 
....  shells  in  Virginia.  172. 
Fossiliferons  strata,  tabular  view  oC  861. 
Fournet,  M.,  on  mineral  veins  of  Auvergne,  498. 

,  on  di.*<intcgration  of  rocks,  476. 

. . . . ,  on  quartz,  489. 

For,  Mr.  R.  W.,  472, 

. . . .,  on  Cornish  lodes,  497. 

Fox,  Rev.  Mr.,  on  extinct  quadrupeds  of  Is!e  of 

Wight,  19a 
Freshwater  beds  of  Isle  of  Wight,  197. 

deposits  in  valley  of  Thames,  146. 

. . . .,  land  shells  numerous  in,  27. 
Freshwater  formations  of  Auvergne,  186. 
Freshwater  formation,  how  distinguished  fh)m 

marine,  27,  28,  80. 

,  remains  of  flsh  in,  82. 

associated  with  Norfolk  drift,  127. 

.  ...,Chara  in,  81. 

,  Cyprls  in.  81. 

Freshwater  shells  in  brown  coal  near  Bonn,  417. 
Fucus  gig  aniens^  217. 

veticulo»u«^  growth  of^  in  Jutland,  217. 

....  VMiculosus  in  Lym-flord,  83. 

Fundy,  Bay  of;  impressions  in  red  mud  of^  297. 


O. 

Gaillonella  fossil  in  Tripoli.  25. 

....  fcrruginea  in  bog-iron  or^.  26. 

Galapagos  Islands,  animals  ot,  279. 

Garnets  In  altered  rock,  882. 

Gases,  subterranean  rocks  altered  by,  476. 

Gault,218. 

Gavarnie,  flexures  of  stratsL,  59. 

Geology  defined,  1. 

Gergovia,  hill  of,  480. 

Giant^s  Causeway,  columns  at,  884. 

Gibbes,  R.  W.,  cited,  'iu7. 

Glacial  phenomena,  northern,  origin  of,  182. 

Glaeient,  Alpine,  140. 

Glaciers  on  Caornarvon»hire  mountains,  180. 

Glasgow,  marine  strata  near,  14S, 

Glenroy,  parallel  roads  oi;  86. 

Glen  Tilt,  granite  of.  442 

Gneiss,  altered  by  granite,  445. 

....  in  Bernese  Alps,  484. 

....  at  Cape  Wrath.  444. 

near  Christiana,  446. 

described,  464. 

Gold,  ago  of,  in  Ireland,  498. 

age  of,  in  Ural  Mountains,  499. 

Qoldftaas,  ProC,  on  reptiles  in  coal-fleld,  886. 


I  G6ppert,  Prof,  on  bedt  of  oodl,  81flL 
....  on  petri&etion,  40. 
Graham's  Island,  889, 407. 
Grampians,  old  red  eongtomOTitM  Is,  <7» 
Granite  described,  7,  486, 488, 444 
. . . .,  passage  of  into  trap^  441. 
— ,  porpbyritic,  489. 
,  and  limestone,  Joaetioa  of  in  Qton  Tilt, 

442. 
. . . .,  sienttic,  440. 
....,  talcitse,  440. 
. . . . ,  Bchorly.  440. 

....  of  Cornwall  and  Dartmoor,  474. 
....  of  Swiss  Alps,  484. 
,  rocks  in  connectioii  with  xninenl  Taiiu^ 

500. 
....  of  Saxony,  459. 
Granites,  oldest,  458. 
....  rarietiee  ot  444, 
....  veins  in  Cornwall,  445. 
....  veins  in  Cape  Wrath,  444 

—  veins  in  Table  Mountain,  448L 
....  vein  in  White  Mountains,  450. 
....  of  Arran.  age  of^  459. 

near  Christiana,  457. 

dikes  in  Mount  Battock,  448. 

Graphite,  powder  of^  consolidated  by  preasore, 

88. 
Oraptolites,  857. 

Orateloup,  M.,  on  fossils  in  chalk,  228w 
Grauwack6,  term  explained,  850. 
Greenland,  sinking  of  coast,  46. 
Greensand,  upper,  218. 

fos8llsoC  212. 

Grecnsburgh,  Pennsylvania,  footprints  of  reptile 

in  coal  strata  at,  8^7. 
Greenstone  or  Dolerite,  872. 

,  dike  of,  in  Arran.  879. 

Gr^  de  Beauchamn,  Paris  Basin,  198. 

Grignon,  fossil  shells  near,  198. 

Grit  defined,  11. 

Guadaloupe,  human  skeleton  of,  116. 

Guidoni  on  Carrara  marble,  482. 

Gutbler,  Col.  von,  on  Permian  flora,  806,  807. 

GryphflBa,  fossil  figure  of,  22. 

Gypseous  marls,  ISO. 

—  series,  191. 
Gypsum  defijied,  18. 
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Hall,  Sir  Jas,,  experiments  on  ftised  minerals, 

406. 
— ,  on  curved  strata,  48. 

CapL  B.,  clte<i,  87S,  401,  448. 

Hamilton,  Sir  W.,  on  eruption  of  Vesuvius,  405 

Harris,  MJ^or,  on  salt  lake  in  Ethiopia,  296. 

Hartz,  Bunter  sandsteln  of  288. 

Hastings,  Lady,  fossils  collected  by,  198. 

Hastings  sand.  229. 

....  bed,  shells  of;  229. 

Hautes  Alpes.  rocks  of;  455. 

HaiJy  cited,  869. 

Hawkshaw,  Mr.,  on  fossil  trees  in  coal,  817. 

Hayes,  T.  L.,  on  icebergs,  12.M. 

Hooert,  M.,  clte<l  on  Upper  Eocene  bods,  176. 

Hebrides,  dikes  of  trap  in,  879. 

Heidelberg,  varieties  of  sranite  near,  444 

HcnfVey,  Mr.  A.,  on  food  of  Mastodon,  188. 

Hen<»Iow,  Prof,  on  fossil  cetacea  in  Suffolk,  166. 

. . . .,  on  f()»8il  forests,  2.^8. 

—  on  dike  and  altered  rock  near  Plas  Newydd, 

8S1. 
Henry.  Mr.,  cited,  476. 
Herschel,  Sir  J.,  on  slaty  cleavage,  472. 
Hertfordshire  pudding-stone,  85. 
Ilibbert,  Dr..  on  volcanic  rocks,  42S. 
. . . .,  on  coal-field  at  Burdiehouso,  J&. 
....,  cited,  419. 

High  Teesdale,  garnets  in  altered  rock  at,  889. 
Hildbnrgbausen,  footprints  of  reptile  at,  288 

290. 
Hippurito  limestone,  221 


INDEX. 


507 


Hitchcock,  ProC,  on  footprints.,  297. 
Hoffmann,  Mr,  on  Llnari  I»Iandei  cited,  476. 

,  on  cave  near  Pafemio.  71. 

,  on  Carrara  marble,  482. 

Hoogliiey  River,  analysis  of  watei,  4L 
HopkinR,  Mr.,  on  fractorea  in  Weald,  251. 
Horizontality  of  strata,  15. 
—  of  roads  of  Lochaber,  88. 
Hornblende,  A69. 

schist.  4&i  478. 

Horner.  Mr.,  on  geology  of  Eifel,  415. 

on  Megalvcthns,  i»6w 

Hubbard,  Prof,  on  granite  vein  in  White  Moan- 

tains.  4.*^ 
Hugi,  M.,  on  Swiss  Alps,  484. 
Humboldt,  cite<l,  814 
— ,  on  uniform  character  of  rocks,  4Sd. 
Hungary,  trachyte  ot,  442. 

volcanic  rocks  of,  421. 

Hunt,  Mr.,  experiments  on  clay-ironstone,  826. 

Hutton,  opinions  ot,  60. 

Huttonian  theory,  92. 

Hypotrene.  term  defined,  9. 

. . . .,  rocks,  mineral  character  ot,  4S5. 

....  or  mr>tamorphic  limestone,  46t. 


I. 


Ibbetson,  Cant,  on  chalk  Isle  of  Wight,  215. 
Ice,  rock»  drifted  by,  122. 
Iccbergis  stranding  of,  129, 187. 
Iceland,  icebergs  drifted  to,  187. 
Ichthyolites  of  Old  Kc<i  Sandstone.  849. 
lehthyoAauriM  communis,  ilgure  of^  277. 
Igneous  rocks,  6. 

of  Siebengebirge  and  Westerwald,  417. 

rocks  of  Val  dl  Noto,  8S9. 
Iguanof/on  ManteUi,  227,  229. 
India,  oretacoous  system  in,  225. 

,  fh?j»hwater  deposits  of,  178. 

oolitic  formation  in,  2>5. 

Indusial  limestone,  Auvergne,  184. 

Inni.<>oria  in  triitoli,  24. 

Inland  sea-4;liffs  in  Soath  of  England,  71. 

Insectft  in  Lias,  2H1. 

Ireland,  drift  in,  181. 

Ischia.  volcanic  cones  in,  408. 

,  Post-Pliocene  strata  of,  118. 

Isle  of  Wight,  freshwater  Wds  ol^  197. 
Isomorphism,  tlieory  of^  870. 


J. 

Jackson,  Dr.  C.  T.,  analysis  of  fossil  bones,  18S. 
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SuiM'ri(»r.  I^ke.  marl  In,  86. 

Su|>er]»(»Kition  of  aqueous  depooits,  96. 

of  vtdcanic  rocks,  tc:*t  of  age,  327. 

Supra«.'retace«iuH,  term  explainet^  108. 
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Trimmer.  Mr.,  on  sand  galls.  82. 
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